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d-a. In" a'lj d-x J tjul Cjl_i *ifl"tt in^-> dim! m 


(jjjjdl 5 - " i a .<Jl! dill JLi£ liliaJI OjdLuj yua 


y LajLiljl 4-L~J_~Jl o-L^J j»dil jl i — . . \ a i 

4_J jwa-t- ^ *iA?' o'yU^i 

oi_A ^jLj^ i - ^ I L~nL4 15 y^*° 4*5 

4-jJLiJIj j. jJuJJ jjjjJl j _. _p kil_L«Jl yu 0jL*jJL) 

CjL*L~J| y> iJLc- 4~Jlj jUsJ y £jl jj jjJJ 4 — j j-*Jl 4-o.IaJLoJ I j 

: l^-oj i j» j-L*Jlj 4jJJli y*j oLvs jillj 

y «Lo_nJl ij^>J ; Vjl 

oJJL ^Lojjk'yi ojj j-v® ( _j-^- c ' ^ cS“^^ (* 2007 *1428 

L> LS ^-& y^> ^~y~ o*>L<iL*^Jlj ^^o-LJl ii^>cJl <l*J y> j jlj 

kiiJi y L>_) y <L*JJl j j -, >j > - i — ) y-j) '. ^jL 

.Oaj^j ^^yij t^y\ j cju^i jjl-j 
<Lu yJ \ 1 yt II <LJJ1l]|j A jJuJJ <LjJ^ J I sL^Lw^vJOl : LuU 

: y 4yy\ y*\ ® j-ip lS-^I i_y^ 

jjwaJl “tJiLloJl oldiJlj t oLjI~«— 5j^lJlj tjliJlj (Jj^lJlj <■ oL^oJl 
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coLojJl^JI V^xJlj i(^Ul) 

:>lj_Jlj colkJlj I jl^JaJlj ^JJlj toLJj-sAJlj oVUaj*tflj 
,<CuJlj tiaJjjloJl 

L/2jI ^aj2j ^^c-oJJ <\JJl taL^p aLLL^JI ! iiJlj 

a 2-^A>- tui I ^3 <L*_l_ll jj a/? >- ( jp Njl ^^3 *L>- La 

iju-La La-LaL> ^-)jljLji ^j-a 3~i_P j*S- ^_*Ji ^ ^1 Ji 

Ji*-b 4jALl>^a ol^> ^a OjLxIJLj 4-jJllllj ^ j_L*JJ -^P aILLJI 

(__£ jJL>c-oJl iLoJ jj ( J_1_*JL» La £jjLjL<»Jl 0 jjfe ^j_a j . Lg_>-jli>-j iSLLo-oJl 

l^j iSCJ. ( _ ? U JiLi ^UJI 

^Lp J-pLwvU La C <Lw<>»L*Jl <W?L>oj t ■W^oJl A-^SL!l ioJ>- jJo J^Jo La 

ioyJl i*Ul Jl ^ >Sfl oUJJl ^ i^^lL ^JbJl ^ ^Jl *\j\ 
.jJiA ^iL \sJ&\ ^ijy 

^\ oLj-SjJI jj-a JS ^_3 i. — « jlS" ij^LJ ^_Lp U_^LJl 

L^>j iwJlSDI Oj-jl>-Ij ,k<uiai!Ij j» j_L*_U ^ljJ^jJI L^Joj_>- 

LL5 ^LJI Oj^jj t <uiai!I d-LLj lij j^a L^oJIp l*i>- j» <1)^^> 

C-jllS" ^Jajo jJ J C ^j.A-Q.Ifr.oJ | <lal*J L ^>- ya Lalp WcS aLJLJIj C L^-aL>- 
oLjJiill <^sS iLwvXwa t <uLp j .L*-oJc>s» tlLta ( JS jzS\ j\ J^>-!j 

t Lo^>- ^a LjL5 ^^kjj 4P J^j>c-a La ^ip iaJlAlloJlj jl **)')! ! 

a-jJSjJIj «Lw^Jl*JI oL>J lg >,^> -oAJ 2 jjCua ^sLv^j t*—>Li$' ^/g >/? >■ Lo-S” 

. o jjt> ^9 SwLoJ^oJl 

l)j-^Lj o I L^Jwa t 3-LP j_*_)L*_>3 ^J_3j k JL5LJI ^LaJLjI j_>- JjJj 

wL^_a,Iu C <LwLAlJ! lLLL) ^3 C-^L^a! ^j-a k — >Ll5LJl 

a— A/g L)^— j ^ 1 2000 j»Lp w\_^ > jJ_a^ J_3 ^—>1^ 1 1 ^.o 1 1 p 

4j>c_*-vjJl (1 ) J-SLj l)Ij t 03jwL>^a ixi ^La^^I 

^jp ^La ^>ll5L!l l^_> A-A.ll ^xJl AaJJL) 4j ^ iSLa L^J-P ^>-jZJ 
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Ld««]g7 L-L»-P (L)j-^J <1)1 I t (_£ jJ>-1 4_*J 

^LwoJJlII 4-^Lo-P ^9 ^_aLw*,u^ 4_^j2jJl ^JJL> 2 

.^j^Jl jA^Jl O^Lj cJ^>“ q * 


o j_A jj J_v2_; o -L^ a> 4 ^jJLl 11 j j» jJl*JJ y±y*y\ J^S tlJ-LoJl <1)J 

^Lp A^>- ^Jl! 4-u ^-*J l 4^oJgJwO»l I j^S)\ (1)1 *• 'w-JL^Jl AS ^<>J>c_<>Jl 


i^l^Jlj ^ iJbJl (O jJ>Jl l^JJu ^Jl ^>Jl 

t^Zwa^uJl l^U^I Jls>j Jij^\j 

jg-ol ^xJl AS' ^o^>s-o-lJ 4^wo-L*Jl <U>cJJl US' t jUcj^/1 AS ^lp^ 

A^jJla ^ UUj-Sj <U»JaJw<>Jl LajL>g_)I ^^J-p 1 L^j 

^LLLoJI oj^L-a J-A-fljJ Oj^jIij ^jJJI a^JcS\j ^ jJ-*_U y±yd\ Jls dlUJl 

. j^Jl <UJl J^s 


-* 1431 /3 /20 ^LJI 


^ jJUU jij * Jl *A^p dJUUl 

Jdj~*J' |*-aI^I JJ -U^W .a 
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J* ^JLkJU .oliaJl k 
^jLkJl ISlj Jjl 


ol_JL> jvJLxJl J jj>- (J-L 3 i]L_a 
ol j-L~Jl ^ abjl jj «•!_; 


Ojj L i Ljjjij ^jl Ji jLiJlj t JaiJlj t 

<bl ( JbLJ Lais j~-i ^-wal ( J->» L)l (_s~*-d l-'-g - 9 

l (JjjjLz-y I ijijJl <Ls^l>Jl LfJblJUl jLaj Jp y> J jj>- oJjs 

V b-AJP- ^ ailkJl «, <g a (J j»Lp jv 

JaLlj iSli* t 1 JugJ a>c-Xj j ... jail jl (_J (»- > b iSb® 

(_5 oLlsL^I ^ jJUJl «-L>ol ^ 

.(_J ji-l iills jilya^ j»IJL>cIaxI (Jjjia ^jP 

1950 ^.-h-pl /kjf 5 <. Nature)) a.-JiH iU* ^ 


i^JUaJlj k( ll*Jl olSb- ^ iJU-l j^jJI oUL^I cJlS bj. -1 

t yjC lj Ji Jjl ^il 1 J J^OJJ t f-ljjJl ^LuJj l O jJcJlj 

b> cJij ^ aPjJu jiLJl oJla Jp j_«jJI ijJb^ jli 

IjlJbJl SfUi^l ^Sfl .ioliJI Jb- bll J*>b- 

ojJ_aJlj jlSbJl o j \a . U J_iU j—pj Ll^-LLs 

■ ipLvaJl 

^1 jJc^ *j! aJb- ob® ^ojJl cjL®L^I jj^bJ.1 ( j» ”2 

^jSbj (^LxJl jjl jjl ilb-J .Jbilb.1 ^ “bijJa (_JiLy23lj 

JbU SjIII ^ oU-U^Vl 
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Evl 


j3 JJ\J l)j-Ss_)J J^l Jp 

.i^l S^JJl tfljOi 

'yjj <L_>UI o j-A Jj>-I (j-° IjJ-aL^ 01 iL*Jl oL^-wj j ji lij “3 

LJJ Ujl J^JL ,jJl ^ I j+jJ ULS' c Jj\M ^ 

^Jl ^- 4 ^ ji cJU 

( The Limits of Growth ) t j^Jl sjJ&- 
(Meadows [et al.]) 1972 

^Jjo Jz£\ J~3 4* » .tail jl 4 _L>s- 0 O jJL> (^JJl JllJl JlLo 

<ulp j>s jj WLojj ^JJLjl jJ jjcS\ ^ 2 J>tL> oli <• 0 fb <• A*0\ 

4 y? J"a,*.<J| oLJLsIlJI Jjuj - e-U^I oJlA ^3 .0 ji ( j- d ^Jl 
aJ j-fLa ol> j jip'y I oJla oLi - oL^JUJl JjIjIj oLJwv^^JI 

I jj IS* L° <1)1 ^.i-LJlJl ( 2 j~^jI*-<JI JJ {j* 

^3 4_&I<J_) (l)^d»*_> 1 y>^A ^ ^w—P ^Jl U2 jLm*< l) ^ -^w%u 

LjjjL>cJ JlS LJI jJ LJ j jJJ 4 _*j>-L) .j-*jL>Jl jJl 

jJJl j*-S*l j-JJ C <LwoJL*J| SjI j^cJl ^LaJjI _ OjjJj^Jl ^ jJj>Jl 

4-jJiJl 1 & jJ J - <l)l^-*-*^> *XjL*Jl ^3 *L*»*-*JfiJl 

c o-L> J^Jl dJ Jl^ ^3*^1 4dLJ! c ^Ls^ajjJl 

o! Jd* ^jVl ^ Jl 1998 ^ cJlS* .L Jd Jl ^UJl 

<LwoJl_*Jl ojl jJ>cJl 4j>“j^ 1? jJJj £_L J_A3 . 4-woJl_*Jl OlJu 

130 Jl dJ jJwwJl Jj>c_^wJl oljjJL^wJl JJ <U3 jjL>J ^5 jJLwvwfl 

.(1998 j-woLJl o>L*y ^JljJl cl^jVl JlJIj i^jUJl 

LjL>-L>- jL>cj^ ji 'y i y\ 

^3 ?-jjj ig««~> ^bJJi i J a iwjjij sij .jj jaJi ^3 o^jijJi 

! <Cww^>tJ l^ta^Lw** ^JJl ciU^I ^--woj>- ^SJo 1 . J y^-> 
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Jlj t Q-Cells (Paul Grunow) J j~> j j.jlS±J\ 

\S jJoIj jjJlSjJI j (Christoph Baumann) oLoj-> 

t Cwo_L*Jl ^.sU jjj ^ (Dieter Merkle) 

lj_oj&Lo ^jJJI i_j*>UaJl j ^ (Keith Parsons) 

jjzSj}\ lAJl JL> j»JLajlj .<ul>cJl ^jLLoJl ^ j~S ( J^Lxo 

(Hermann Scheer) j^5> jLa^_* jjJlSjJIj (Franz Alt) cJl jJl ji 
(Martin ^s- ^Ij U- 4 -^JLia 

.i-S j-AJ jii\ ^s- LAjjUI <u jeJ 1 _ 5 )lp Green) 


2005 j > j $ 1 /J/VI jj-JU- jjj 

c r' JJ 4 a J 
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CJl jit Jjj^dit 2L4 JjCL4 


h j-* cJl jy^AJ I 

.Uljj p s l\ ^^SOJ 

1 2004 j 1994 ^UJ LJUJVl v^-4Jl SjiUJl Jlc J^- 
j»L*J iJL* jJl oJjL>-j t2003 j»L*J oL^JNl (jjjJL>- SJjL>-j 

J_»_*_LJ «l«_i!JI cJ 4i»Jl o^Sbj-j ‘2003 

itJl SjSU-j 1 1997 j»UJ LjjjjV I -iJl SjiUJlj ‘2002 ^bJ 

j»L*J Siebenpfeiffer o_pL>-j c 1992 j»L*J aJJI jJ jJ^JI ^jUs# 
tDrexel oj_SU>-j t Karl-Hermann-Flach oj_Sl_^-j i 1 987 
1 1979 j»L*J Adoph Grimme oj_$l _>-j ‘1983 Hans-Thoma 
.1978 j»l*J ^~aL o^jL>-j 

•ijlj ja\ 4^wo^Lll AiUaJl cJ j&tzl I 

JU- c^w>j GJ^uJI **bU vJbJl i*iJl J 

■>/* \ > 

i_/ JJJi 2 (_r^ cM {^' <4^ • 

■ 

. .Ill as £jJL| ^ p, JS 26,000 o^. • 

C ^>6^-1 *U*j2j jdjjJl ^ ^**^1 ^9 4^P U.A/g.1 i lLLL^wvO ® 
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. 500,000 ^ ojJ jj iaiJlj c jUJlj 

La i jjL-lj 32 JJT o-L>tiil oL'y jJl jjjsjJ • 

. Ajj^vJi oJL>tlll /%-aVl J^Lo 

Cy £j-> ^ (*j^ tii-i-Ul o^-aUaJ • 

. otlJlj olil jJ~\ 

. <La-d j jldJL^j ® 

aSUuj Lr jSSt VL. 5Ju>^ll oUV _^l ^ JU-j huj j*\ dlh^j • 
. t-S j£Jl I Aa OjAj j&\ 

?Uilil jZUj Ja Ja 

^L-Sll Jlj—Jl dUS ^LSGl I Jla d^™- 

• ^ L l -L l fl-ftAj-V L - Q- l- l-l 

^1 jy^-% i^aUaVlj c^LdA-’yi j.L.1 ^ 


J> lSj^ <■ 


■ odP JjoiJIj t 


yld>/l £ijb}\ 


. 3\j*)\ J JaiJl cbd>] 5 jjJ-Vl ijl jil Ja4 JA • 

. L™juI j_sa (_|lxJLj <t».Jg!l Xfi <L11p *— ‘ j>- ® 

l d_^j ^IxJLj cs^“^ i^i "■'■* 

dojA- ^Jl ^j^JLxJI (_£jl J>j\ ( j-oLlA-'yi lw~sl_^P .<bjdj| oLaJ liJ^A 

t L-^jJlj t LjjliLi ^s oUl -a . a ; ^a JaJLs Sj-d^^l jj g -"- ■' ^s 

(3 J-d ^3 <Ljl J*. saLpIj t JJ^JI CJjdS jl j-iaL) 

^3 ^saLc-Ij C l «,A JT-d 150 C— *-L) (_y3 jjL^vAmj l~~»T 

j^Ju 200 j oli ^Jl ^ oVT SJbv SdAc^Jl oLV jJl 

. <tLdL 4jl]iA ^3 SJjljla 5jjLsAp| CjUsldjJ t jl jj » 

• jjiuAj^a ^LsA_5*yi dllj ^LdJl ^3 Oj-^A-lJl jj 

( J»£a i J|j c ^d>Jl il)l5 JLl! .^laAnJl ^«_aj Ld3j Lg— 3 jj j»J ^jAmJJ 
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tOtjJaJl JJUlj ojJJsJl ^ <jy\ J-~5Ulj 

i_j* 

\^SjS Jip sUJl J iyJl J^o ^ jjJt JSdL jJlJI j 

I Oj ^iji i^*j j 5.6 _1 1 c ^J-osi*^aJ I ^3 <j I 4jLJi>- 

^jJ d-5 £ d)l j*-L*j dr* 0 ■ 4^d*<aJl ^ 1) ^-Lo 800 _ll 

M jjJaiJl jJJS jli i (_j j^l dr^J -j j^A l jJJi ( J-«^>cIj 

lj_JLotj 1)1 (JjIjJI ,» ^ a>u jjJLdJl iwJUa-«« .4iL54 

•jr*^ tA^ ^ 


( _ 5 ^wwJl j.|< 3«)1 l-L-> _ _^sj <■ j^»sJ j^isl _^a 

j-A* Jl® ijj^j ^jjjJLxJlj (_Jil>Jl j jJLU jl~«jMl ijjj JLoJ 

3 iJL»iJuJl iilkU IjIjloI J-L>J jl ^^Jlp jjjili dr^J . « ( _ r ~~«- 4 Jl 
JajJl ^)J ^lx>u .i^oliJl LoLp 40 Jl <CL«Jl ^3 100 j|jJL«j 

.LJl ji^i\ jj-s j» ^JI jjj jl t L dy jl-c- jl <■ Ja-xj Ml (3 j-lJl 


WI? 




jU> 

iiUaJl , 




I_LiJlI 


isllaJlj li-jLJl oj-jlSlj l ^\jj]\j t l j^«_lJl ! (JjllL«Jl 
. v u^Mi j LpijjJi ^IjSii ^ ^^i ^ij 

^«JL*Jl oUaJl d-Loj jU ^i^jjjMl ‘U-/2 jjLjJI l y* i~4jjJ Uij 

I^-MI _pJl JU jJl, jl ^SU* 2050 fl* J 


™a_j ojJLi A^ll t _ i 3 40 • 

<ij~~ *isS AXll t _ s 9 30 • 

t\j ijji id I ( J 15 • 

i4Lo ojJi idl ( J 10 • 

Jail id I J 5 • 
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i j i J t il-Lo| jj><J (_^jjJaJlj 

,jJl JuLJl olS>i, .L-ljjJl dlL' ^ iilkl! JuMl 

c~*_~a jJ jJs t (BP) /> (Shell) J_J!> J-La t 
.ollaJJ 

LajLjoxI jUJlj t (_J jAmaJI j*axji)Ij t ( j-JjjL>Jlj t JajLJl 

.ijJLf' <L* a -,.g >. .a>j (. <UL-J| llj t JjljJLo Jdv-slj 

.u-jjSJ v 1 >J' ^ ^ jss^' 

j! Sf! c JUJI Juu LiK~* yikJ! J\ J_pJ| j! 

.LJU biK, J iiliaJl j;; a: 

t 4 jjI iiUaJlj t <LjL«J| ojJjjJlj c 1 

t £LuJl ; j£Jl j .4-_»<ljwo jLx-^L Jj*yi o (_j 

.lblb4j bJlitT * Jlj tUljoJlj tjUpSflj laUasiVlj 

t<t_JLc- jvJUJlj iLjjjjIj tLJUJl <Lll \a . !l J_*_o 
^Ul ^AJI ^ SxJi^uJl olilkJl ^ _ SJli'lj oLiUoiiVlj 
: dUS 1 _ 5 1 p ili«Vlj .ipLyaJJ 

^ 1 * 0 18 qa ^iS) k - yg«.; 2004 j»Lc- ^3 (jwaJl c~oli • 

• <d*v^adJl k^lJ L*^a->cl I ^jA 

ol^ oJj>-jIj jiUJl do j «,.g 1 ! j_aJ I ^jldil j-5) oLUl dllur • 

Ui’ LU ^j) l*sk-l_* JUpVl ^ ciVSfl 

.(oil! 

.^IjjJl ob-jjjJ "j ^lijlj jlL*Jl ^3 ojJ«,ig^ll ^a LJLlI • 
^3 <tla-oa! ^J»*jiJL) Ia.xJ jj Ulll f-L) j^. l jA <^1L) 


d*lj ^lllL C dJ 1 g •£ ^3 C ^ j jC^A 
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t iiUaJl <J_> ji ^j-P iillaJl ^ L^L>-U*- 

. d-3 ^Jl cLlta (J ^1 >o <xlL 40 i^2i^ 

'-rbW"‘ a j^J y ^■'-i 2 5 ^ ^1 ^jL> J^aJL; Jjjl^-ll ^yu • 

. oiJji j»li- il j» 


j$Uj dUi js' Ja 

tcr ^j| o\ ^ ijSjJl olkJl jlJ y] ^^Jl iaUasiVl 5>JI 
l£’ (lP *L>j^ ^-SLlaJlj t SjjLoJl ojwLaJI j t^ljjJlj 

_ Lg-Jj ^ll>eJ LjJLw*- (1)1^0 JS* ^3 Lj 6 jil jJla O^LoJl .IS^tl ^Jl ji 
j-a <lJ| La .o JJL*_<Jl <twoJL*Jl JJlJl c3 j-^ ^-L>Jl jj^ ^ 

JL3 iilkJl diLJ jUjtf I .oJuJl>JI iSUaJl oljJL~ JA jJl gtey\ 
<loj%A-a 3! iiUaJl i_aJISC j _ 1995 ^Lp J-La 4jLoJ L 50 <. 

jS\ Jjjjjsr-j ^j_aj ^jJI ^^2j>c_AxJLi .5 jJlaJI J j_L>tj <, 

<Ll3JJlU \sa\\\ $ jJj ^j-a ^ Aj j-s^UJl CJ jJl ^ < 

.y^J>\ J)\y- ^jJo 

t-jllSsJl IJA ^3 iljLo-a A^>“lia <dlaL j*5l ULLa .a 

<L)L*a^j c^Ll^JI ld»A <JLw*»^ .^j^I L)L i2-JL^*< (JP® 

: ^ (www.RIO 6.com) RIO 6 
Lb Ji j^3aJ\j OjIj y*\ iSUaJl J 

2005 jjXl /JjVl 0*1 - jiL 
cJ! jjrfjJl 

www. sonnenseite.com 
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jyui (j\m AjyJh j AaJlCLA 


1 1980 aIp Jj^o ^jLoJVI ijLoJ ^Jl j)*, && j-j* 

^Jl^JJ (.UJI ^J\ j cSiJL^I oliUaU iojjjSf I ilajljl ^jj 

V^JI SjSUJl Jlp JSU- .2001 flp JL. 5iJL>^Jl olilUJ ^UJl 
SjiUJl j 1 1999 j»LJ UjJlJI SjiU-j <. 1998 j»UJ 
‘lLsx^J # 0 jJjJl JJaj®j 1 2000 j»L*J iiUaJJ <u^JL*Jl 

SjJUj SjJliJ vJUJl SjJUJlj t2002 j»UJ ( TIME) ^Ul 

.2004 ^U) UJUJI SiJL^xJl isliaJl SiLS 


j— «-i-U ^yLJbd I 5SUaJt <1 

^ ^ 94 iiliaJl 

L^_3*yLPj «<*< AJLsJJo iiliaJl ^j_aJ ! iiUaJJ \l*£jS 

ojl j>- ^\ _ 273.2 Q C JjJLJl g-L/giil 3 ijl y° i£ j->Jl 

.SL>Jl ^ y + 14.5 Q C 

y AlyO 4j jj>c^2 4* Ja9 c LwjJl iSliaJl 

jUa-JL^L .^J-Ua-oJl j a ! 1 5--J j-S ojl jj>- g-l y? i Si 

^sl ijUJ olt Jl diL- o_>d l$Jlp jLJ)/l 

£^rj .(429,4 EJ 15) U-* S^> 15 ^Ij-^ 

. Ajj jJL>~")1 I ijSjJl ^jlj» 
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ajijUl 



C jJ> cJ>cJl jV>Cj8jl JjLo t <LsJL>cJ| 4_>J jjL>~y I iiUaJl 3jl JJZ 
<b| i^\ <. ^j^a . Jl JwslojJlj <U^>Jl <dlS\Jl yj ‘iLla tjUJlj tiaiJlj 
d-^l-LoJ e- j-*P . f />! j 1 1 ^5" ^li ! <Lw^»w$-JLJ 1 oUaJl y^« 

yJl 4_>jy3^>-^ll 3jl j-oJl cli-lj y> ol j-L*^Jl ya yu*)LoJl 

. <iyLvaJl jLJ^I ojL/a^- y> Alw- 200 o-L<J JaJsi 

filial) Ip jh~ yS^I — <Lu yill 

Jj-J jJa yP 0 jJ jJLoJl 4 ^a~w<>-JL!| OjjJLH ySCoJ 

y* iyjjl _ vV^j^' - Ji <*-5bU ^L-JI 

I o iJudoj c Sj JjI j c 4j^Jaj 4 jL ^J aj 

i>jL>cl!l iu j^aIjaII ‘uJajVl ^ jJb (. I C*3 jJl m jz^ 

oJuJ JiVl ^Jlp ioUJl ^LpI*_J^I y> Sl^Jl y 15 Ju y>«Jo 

.^jVi *iy ^^p e-L ^ij_ LoLp 30 

L>cJL*-a c cj L a^_l_*_x>J I y^ Ls-sLS" i j-Ls jLi5\J1 1u_a j^j-i 

^jJlA>- ^Lp yll! <Lul^aj^ C l)Lw%o^/I <\Jg.*i^l y l^www%JloJl ^y^LwoJl 

j-*-Pj Ja_yJl) oLLlpt^o oIj^ jjjLws_^J 4_LsJ jJl jl_p oUU-ol 

c (L>y^l !?->.*> ^ 4 _jjI J-oJl yJaUwo-Jl ^3 Cj Li-*-— la JL 1 \ j c 
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JJJLwvJj . j^UajJl oljj_SLa jjjJJ 0 ^Lp>| t oLj>J| ojj^ J^_L>oj 

oUaj>e^>J ^LxJlJl j-0 ^L^>sJ 

^Ja-w^Vl £^o«>- {jz*-*. ^*“^d jjjJ 1 ojJlaSI 

^ ioliJl AjJti I 1^!^ ^ ^jJl ^aJl oLLkJlj 
<La jJaJwoJJ ^ « -o. */? 7 (jjV ^jl ^>Jl JaJaj>c-<Jlj c <LJu>Jl ^3 1 

iJ_*_iJl LULLS' j tojljj>Jl JJjJ L^jLJTj Lj j ■>,,? : 1 jJJl 

oljj^o i yy~S>XJJ ^L^w>sJlj ^O-s^O Lo t 

p-L j^£}\ ^jJia>- ^JbdL^ (. ^ jJi ] i j»UaJl 

Lo— 1-9 ij J */S a ‘L^J>- j-oJl 4 _jLJLjj 4_j j| J_>^j j_-JL*_jj 

t <tJ ^ jjjJl ‘uJaJ'yi ^ j r ,^^^u-U oU jJl^Jl! 
,<Lw*^«JL) 1 f-lj y&j ^LsJL&I <J ^ AXvJl^ C 

2005 ‘ tjArt 

j*£i (jLa j*£> j y £ jJl 
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cLaJlruJl 


asiku ^bJI ib^VI 1-1 

C j->s_>cJ| C ^-«-».L>cJl ^JJLa J-^I ^I-L>cJL^L 

oL>“LLaJl ^3 Ojl «,a >- Lalij cjUdlj c \s A '« llj 

^3 S^bjJlj iW ^Jl JjL^J oJul^uJl oLJJaJl .S^jUl 

^AjjI t j*Jl*Jl 3J_£- ^3 JuljJuJl j-ojJlj t JJjJJlSI j i]jj>s_lJl 

JSLlll J^\) w>LJl ^ 150 Jl Jsu j£JL iiUaJl 

oJ_^— ll *. — 3^j_ 9 j-ll oJ-A ^3^JLo«Jl ^j-aj t(l _ l) 

.If) o3J^<Jl 

La C frl *,/g A Si J Q-lfi-wa j_>Jl £L*_J>^/l J^LJ 

b\ cs f±> jJLj .(V ^ 1 ^') ^ 

(Meadows [et al.]), oLj^^JI ii j j-*-a jpU^Jl oJla 

0^5! oUUJlj) ollaU ^^LJl ibLf^ll d! S/I 1 1972) 
J (429.4 J x 10 18 ) 429.4 EJ Jl ^LJ (L^ ^UuclJI j^jGl 

.2004 
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>j» ^ 10 IS ) (EJ) Jj* l>Vb tJJlfl UU ^JLJ :(1-I) 

0jfJ SJI ^V5 j* ^IbJI j i^Ul jjSjll ^U*-J ^ (2004 - 1875) jiy& 
1875-1965: Inleratom-Shell-Study 1992. 1970-1988: UN yearbook of World Energy :^A-su!l 
Slalislics. 1989 - 2004: BP Stalixlic Review of World Energy. 1996, 



<3l_p5 j kjjjfta.yi jJUll Jjl ja ^ iAy I kjjlix kSUal] ^-albtll ■ :(2-l) (J£*kll 

.((Greenpeace) owj- 0* aSLUI 
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<L~~«~4Jl ; <o~<*2l!I iillaJl oljji* (2 - l) J^voJl 

.olkJJ ^UJl ibl$o/)fl ^ 5^ 14000 jlJiiw JlpI ^jSfl Jlp 
ij Jip o~«_4Jl 4ol*JiNl <iU» jU j»Lp jlJLo 1 _ 5 1 p dUi £?*■>< --^j 
. (_£j i ji j \ J A3j j^oJl ijl j-«Jl jj' 3 j~^. ( _y/’jV I 

jLJ)M *kJ^ j^£JI .u~si oUUJl 2 _ 1 

^jji^l jy^Jl ol^-L iilkU jLJ)Jl oU-L>l cJu»J Jli) 

kiJJJJ Lx_J Oil (_y-Jl t _jL*-J l_j c \a it llj t (_£ jj>tj»Jl jvj>iLjiJl JOo 
ojjiJl 5 jIJj JO U? tOjJ^^Jl 2L~5! jlp oIjI*~jI ^Lajjl 
(j- 3 0 j» _5-=»^-5 1 -(3 _ 1) JSldl ^ j-* b>5 tAolOaJl 

^J yS2-Jl ^J— ^-<oJl 4 la ■»*>' yj —^5*)/ 1 O y > ^-^-Jl -O-W^S"! 

o-o-? j-* J-»L5 J-SLlj O' j-=r I j-Sv-oj V (photosynthesis) 

jli j*5l Ijj JULj SjjstjJI (iy^Jl Ml) oUUI 

.((4 . 1) JJLUI Ju\) gj^Jl o!>UJl o^Jl Jo~5l ^Jli 
oLUJl iUljl Vr ^) oL'LJl ^5 ^U5JI ^ ^jldl 11* ibji 



(JjbVi J5U. o^jSII ^ lojl OIU11 ^ISUiiVl :(3-l) JiJJl 
Chj *1996 (Faber) jMj >1990 (Weiheer) W iis, (1995-1860) 
.2000 (Worldwateh) a-jJ j . 1996 (Bach) 
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S 4S* (ppm) JSJ • jaJb UL. C0 2 *> ^.*3 :(4-l) tW» 

^ Jj JUU A jj l niW Jjtill ^4 ji^JL 1958 ^U- •Jl& JJ .t>jU 

ijtijiau (Mauna Loa) l jl UjU s isJIj* tiijis 1 958 ^ Jultj 
.(Keeling &Whorf) 2004-J < { Sc hOn wiese) I995<.r»j»j~ J? 



^^‘.Lv- a!L bjjpU iJjS Lai ^j1 


^ ja*jSI_j £j*j£H JAuiSl ify& «— i^UJI Jaj :(5-l) J£<£JI 

wULJ Uaj 1750 f lc Jt ■&*■» J4 150,000 ,1c <> * j-J ijj* V. > 
(Institute of Arctic and Alpine Research) Bolder USA, *_&> ife.j •iMi 
.2000 » (National Geographies) SjilajJl ^iLsIjiaJl Ua*. ^ Ja .Colorade 
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J— S'! ^JLJI £j \ ^Jl ^L^fl 3 _ 1 

Zjijp' 

(O 2 J N 2 ) (_5 j->Jl jJl oli j-5\_»Jl (1)1 !jJ> j*0 jJL) 

Lb 4iajbJl b~a_JLll <LO^\J 1 g - - a ■ SJoJl J 

oli oljUJl b\ S/I 1 ^UiJl Jl ^jS/1 jJa- ^ b*oJl i,l_pj| 

ijloJlj i*Ul jl>o Jo) (Greenhouse Effect) LiJill JL 5JL^aJl 
dr 0 J^jl *jJ-l -iaii oJ~r iilij j$hj (jjjjVlj t jjjljJl J™blj 

Jl ^jSn ^ ij ^Jl . J^Jl o>J iuSVl Objl J-~j i*jSll 

L (O <Lb-ldJl iSUill oljjl -AjOp (OJ->cJ .g-lyg^ll 

OJj>cj lj_Aj id j^j>J| 0^>b 5-x-b'y I ^ IJjJ^j ij^/l ^cJa^i ^Jb 
Oji (j^J .4JL£jJl ^uIj - L ^j')l\ ^rig.-nl ( Jp'ifl ojl ^>Jl ob-jJ J Us- 
^Jl^_>cj i^jl i)^-^— <** ^/?j^/l la ** jli 1 403 jJJ ^^x-JaJl j-jbJl Ijjs 
oljUJ iJuo^Jl ol^JlxiL UwJL. (1-1) JjJu>Jl JO . 30 K 

.OtJaJl OjjJl 

403jJl oIjLp oUUJ o^I-jj j_j3 (_£ j-lbJl JaldbJl ( JJLl 

• ipLOaJl 4-j|jb jlO> ^b- JbLbj 1 Lpll \a yq^/lj L-»..lg ll 

d^Jl c^J ouiSfl <>» S^J oLJ jJ J cbLlJJ 

^]g «*» 0 jl j_>- ®^Wj l 5^' L° l£ 4_jj! j_> Jl 

^1 a- i^-Jl )l O->0 o^-iVl Oibjl .^jS/l 

1850 ^\s* 1 ^il ^>cj j^>eJl i— a1s^*j 1 

ljr *- r kJl ^JJbJl ^-ISLbVl 3y> (W/m 2 ) Jo/olj 3 jIJlL-. J) 
(Fischedick [et al.] bj > J-T j bLjO-L-J j 1 j 11 . 320 W/m 2 ^JLJI 

. 1999) 
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.((Schonwiese) 1995 HHi ll HjjJI jJ\j oU^Slo : (1-1) 


7. ^Jl flf-Vl 

Hjt-JaJI SiLjJI fLj_J 
0 jl >1 HjAJ 

J-JJI Hyj JUJI 

HI 62 

20.6 K 

H 2 0 tHl jU^ 

HI J 22 

7.2 K 

t j^j-SJl J_. — S\ jC 
co 2 

HI J 1 

2.4 K 

o 3 »>jVi 

HI J4 

1.4 K 

n 2 o ijj Jl jl_h1 

HI J 3 

0.8 K 

ch 4 hihi 

HI J 2 

Ca 0.6 K Jl y- 


HI J 100 

33 K (1) 

oUl$JII j' y >JZ 


i*»Uuf 0^- U5 ‘ .hii K 20 Jl K 15 ^ U \jAs g ;JVl ol^.JlHI (1) 

.(i_^JI SUi) 30 K ojjli \jh (IPCC 1994) «£bll jJc) JJjuJl v j&U H4Ul» 


^lll j_«Jl j4j>t_«Jl i — ™. ~J ^L_«Jl 4-_vi ji j*-j AIL! 

^L_«_JL!I JJ t j_a 1896 j»L c- (_$ jj>JI ^ Oj->j£L !l J^HI 

Arrhenius Jill) (Savante Arrhenius) ^ l _ 5 xHiL» 

l-L>- Jj«*33 J^»4o ^3 ^_) c 4»JLft-LU JSs-4o -(1896 

• Jl^-HI ^>L> LJiP LyiXj La44p 5 K. ^)ldjLi-> <0L3jJI j-olj 

^L^-iLlI LoJ_lp 1938 j»Lc- JluJI OL><ljIj ^LoJL&'yi ilijlj 
^ _pj| JL^sl HL) (Callendar) jIjcJIS ^Jlkj Jl 

J-p Jj*lJl jjjl oli t eLlli ^ J ^JL .^^iLJl 3 J* Jl 
jt Jl jjl H UjLp 1972 - 1971 J ^ lJuo jJ JJl Jejl 
j»l*j| H* JjJl oj Jaj>- JLoj O tjl (4 ^^1 4-^HI oljb 

.iilJjl oLiiluJl 4 »jXj d)l^ c f-l j^U 
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cajj_>JI aJjJlSI 4-JiuJl c~alS tl977 j>Ip 

A^>cJ 0 ^P-Aj C i_A^L>- ^3 Lfc jAaj o-L>t^Jl A*jL> A-o.lg.La 

^lp ^3 .^LLoAJ ^oJlp jAJ ^ -LAP j.«,h.) d.^ J Ug t f-1 ^jA 

J& aJjJiII vl^UoVl kJtJJ Jlp J^pj ^J>JI dl!S JUUJl 1 1980 

LoLoJ ^-\j>c-o _ ^IjwoJl ^jp A3 j^-oJl ^3 O^Lj vlOl 

. al^jJI ^Jlj j ^Ldl jJ*5 oUl 

.£LJI ^ otfUJ^I ^til JLJb- ^ShS (2 _ 1) JjJu>Jl JL, 
aJLo^-| aj^j jj^> LllloJI ^ l) J— %<S i <1)1 ^c-s^l ^Jl 

jj&fi ((Flohn, 1989) ^ 1 2ij fcJl J 50) SuJl J 61 
15 J_Lc- jli~<Jl L»j^j t ^j^JLxJl (_gjl jjJl ^3 

L iij ii^Jl ^ 20) ii^Jl ^ 11 ju^p (FCCH) j^.jJJlj lii^Jl 
jjk jlaJ Uij ixJl ^ 10) ixJl ^ 9 jlxp OjjjYl j (1989 ^ jJuL! 

.Jit jjaliw (1989 

^j»LJL) 4jU3jJl jajLJ 4^>-LbaJl oe-liSGl <Jjfc>dJl 

L>w>lj SjLJ jt Vj. toLJiiJl ^ .^»JI SjL^ 

1.0 K ^Jj 0.5 K jIjJL»j ^]a*A> jj^p -uJUJl j>^\ ojl j^- 

~ l) JSCjJI ^ {jz?* j-® t(_ystfL«Jl 6 jJi!l “dLgj -Ai 

colk-^jl ol jLJ J c Lj) oaUsjVi oi_*Sts)l oJl> .(6 
OiLijJl »JL» 6 Li t(iJj3»Jl oLJI aj t ^>—Jl (_g^O~oj 
<W£p ol (_^} i_5 ,5 3-’ ^1 j->Jl JpUaJI ol j-jij UAjI 

.61—1)11 it* ^ 


iJU-Sdl o-iUUxJl ip^ JApLo Jl 10 K jlji- ij\ JA h~j3 SiLj (l) 

>Jt UoL-jijU 60 C Jl y>.) Sjl >1 JpVi -bU Jl (RGT s-lpU) ^^J-\ 

. 1977 / 1948 (Linder) jjeJ 
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S*U£Jlj o^UJl Ji oljU j~Sy : (2 _ 1) JjjuJI 

. (IPCC 2001j t Schonwiese 1995) ^^JJI ti-Jl oli Si/uiJl iLi*aJl oljUi) 


9 jsJts3f 

(%) 

5 J! 

<'iLiAjJ 

^ j . Al 

oLWf 

<S 

1991 

2005j 

(ppm) 


5 ; lrt l|f 

(o/jl’M 

(M t /a) 

1800 (.Ip 

(IjUJ3I 


(a) 

(ppm) 


61 


10 4 - 5 

290000 

355 

(1991) 

380 

(2005) 

280 

co 2 

15 

11 (23 f 

10 

400 

1.7 

0.8 

ch 4 

11 

| 3400 

7100 

(12000f 

J! 55 

115 

1 

0.00025 

J! 

0.00045 

0 

CFC, 

CFM 

Ctijjjj) 

4 

270 

(296)P 

130 

10 

0.31 

0.29 

n 2 o 

9 (5 


J! 0.1 

0.25 

500 

J! 0.015 
0.05 

^ jy M 

o 3 


.*u» ioo jit (>1 asjjJJ i__Ji ijV jii s*u£!i (i 

jJcl JJjaJI ^ Sa^JlIV* L^yu yll ai.jJ-1 ^bdl oy-yJl ^ yi! ^aJI Jii (2 

(IPCC, 2001 «£ldl 

. £- 100 ju.j JiV Udl (| yjl SijjJI jdb (. 14-1 (3 

. i- 200 J1 50 Udl £ ytJ! _*&)! <yj (4 
. <UJl oli tS ;>Sn oljU . ^ J*2I (5 
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Jb. 1*0. iii £*) jij'il o* ^ J1L SaLUl j=Jt Sjj»i(., Jj :(6-l> JiiU 
.2004 <4=. J) 1 858 fU. j* (^JUM Vi*. jVi i j£» 

Sjl^Jl ^jJiJ U*iJl SiLjJl jl Uj ^ J^S/I 

j ^S" J— *-5"! 4 ^jL> o^j^J oLp j jl l,. > o j>-a Jil i 
ojl ^>cJl 4j>-jjJ 0-9 j-» ^yiLiinjI l««j jjJL>o iJukj .(_£ jj><Jl ojjiJl 
(Newinger) Liodl <_£ ^oJl ^dl io^ ^p 

t (Kiehl [et at], 1993)j t (Charlson [et at], 1992) c 1 985 
ojut ^5loj . (Charlson [et al.], 1994)j (Kaufmann [et al.], 1993)j 

^jJ-P 0ijO>t» J 2-43 C~~d (_£j->Jl ojUJl ojl jjs- 0»-ji oiLijJl 

^1 i^lpVlj oUldU 1 jLo o*_Jdl ^jI^Jl) osljjl jh^oJl 

i~L>Jl 3*^1 j SJailVl JLp Uj J, t(7 _ 1) Jiodl 

iiiUl ojUI jjsJI jLtdlj tL^dU) joJIj c^LJl jstj Jd 

ojLL*-oI . jjil jj>JI oj_» ( JJL<d 0>- j-! 

j\ yuJi dji^i 4 4>dk^i U4Ji j^U 1 U‘ 

.Ji! i) jjjS JLmmS’I a^pLJI oliUaJl 
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! jA <L)U t £°J 

.((8 _ 1) J£jJI >JI) iJLliJl iiUaJl JlJLlJj oliaJl iLb- 
SJ-v^LoJl iJUJl ol_*_3jjJl oli jZ-S'i I Jj-a 

ol>j: ^Lo ^3 fi jlj LjLLoJl ^ j-JLJI ^LwoJl 

5.2 K ^1 1 jIjJL>_) kf’V.^a ll ^ ./? p J_J Lo (3 ji 4_woJL*Jl ojl ^>Jl 
.2046 Jl 2036 JJbJl J>>o 

4 — ^ <4 ]g 4_vi j-P L^™J (_£j_»Jl I j_a> I 
j\ lOlla-xJJ SJLplvaxJl hj\ j>A\ O^JL^Jl jt t j^jJJ ij-LJl 

i-tJLS ^Uaa-Vl oJL* S\j LJU» ili^J UJbJl 

. (Allen [et al.], 2000) <yjJl (j _Lc. 



.(Munchn Rack 1996., .Berz 2003 j .Munich Re 2005) o* 3“ 
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0^1 jl_*1 ^B ^ oUljsr! 4 . 1 

c_i*>L*Jl ^^-3 ^_S1 j-> j-oJ 

Ola j^>Jl ^ b_> J_*Jlj _ ibLoJ^I <La Oj t ^ j->Jl 

^3 50 4_^*Ju (1) ^_> ^^Jl tabww^l CjLjI_*-o1 ^jih-A.>*-> (1)1 - Lyg-jl 
JL^ JjL» j-!p *>plS j J_o ^ IJlaj .2020 j»Lp <J j_L>o ajl«JI 

jJpj .(JaJLs <-oLj^_5nJ| SjJJaJl -bJjJ o*L iS o^Ljj ^1) ^1 I 

LJLoj>-J LlWj 1 >sjIj JjJL>6j ^jjl ^L>Jl iSUaJJ ^Jl>c-<JI iwJJa^Jl (1)1 ^y» 
(_3b_A ^*_L> e-l^>-^/ 1 1 J-A (1)1 t ^p>s_b l*H*-a 

.2020 fl* JjJ^o oUUJVl alJI ^ 50 ^ui^J Jl Jj^jJl 
iSUaJl ( j^a 6 ^5“ < Lw<fc5' JlJ y jpCal lij jfijb c_3-l^Jl iJlA J^JL>cj ^j5voJJ 
t ^JLoJl JlocJI jjJibJl ^^3j .(Jjj^^JI JLw^ 5 # 1 ^Ij J^l <^L*bp 
I j-^P 4 _LaL*JI ojwLiJl oLla>ji (Jl j_jLmo 1 l*i-* <l)p 

Ij otfU-ul ^jJia>- (1)1 (8-1) ^|5s-JL) 1 . o3wL>&ba 43 Li? Cb'y 

oUl 1 4Pj-oJ>t>J <J^»>- ^j-a ^-v2j Ojj^S\ -Lw»^5*1 

.(1) wL™ 5I ^ll! AiLppJl ojJlISI oLk^« (Jl j_jl*x1j poL>/?.i3*y I 
A^i^bwwoJl OjdJjJl djUa>t^ d)p tO^pl Oj^Sl-LoJl t^lwL&^U Ia3^^ 

c 1 ^ iJUJl o^Jj>buJl oliUaJlj . ^o^Jj>tla <1) j-Si jl 

C aJwO-^3 PjjU (^.jLJLSsj ^pJ>o J C Lj jjC ^jJj>c-a jS* ^j-SCbo 3 jil^LoJlj 

.oisLJi jp ^j>5 j-^>- (j j^ 3 pjj c ^^ijig^i jails' (j^wo j 

JlJ (Photovoltaic) jiJl pJj-bLw-l ^pibJ t ^liS^Jl IJla ^ 

.S^Jb^lJl SSUaJl Jj J lioi' pSljj^5\Jl SSUaJl 




_« j j_S _La jjh li Laij )Lju j-y^-i ojjLaJl ^|j_ 


.(OU)! 
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tjc-j <5Uatt uJ JU&iJj lAvSh ^Ij <JjljU_ljl ^ji irtVi ‘(8“l) 

J»J ijM ^ih&Vl Lid C&iJ ^ S^Iu (iae-bll ^SUafl Jb£jl 

*UJO^ ^ L-H^^ 


S^Jb*I*Jl j ^JlJiiJl iSUaJt 5-1 

A-^oJl <bjj-£>-^/l iSUfiJl j^l 0 jJLaJl 
jLi-b.,^ oj^Jl ojJlDIj (^Jlj OL^'j t JajLJl) 

. Silt J^l.^-o.^)) 

d-o^L>- J^t<>jJl ^LsJw<>-P ^bb jJb jjJS^-*)! 1 

lf»L jl*^pl t oJ-P ^3 

-Lis S*d»^\J j\ 4 JU 2 JJ iSj^ L^*»d 

£jA JlSw^l ^ P J Alwrf O^J-a 100 {jA j£\ 

0 Jj>- 1 j 3 j-oJ Lsj>-jJ Uj->“ L^-bSb*zJ <jli ^JbJLj t yL >-^ I 

jJaj 4^>-j • (3 _ l) <JjJt>Jl ^Jajl t I Jj>- A*./3A>Cja Jj o*l a£j 

j» j^jLJU C o^j -L> e^> 1^_>L jl S jjj_A 3»-^II .5jlj-oJl (l)li t<l)Lw»o^/l 

.IfJLp ^j^.<-L?.o ^ISbiL 
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LmwJI SiUaJl SSUail JjpslJ C5^°j -(3 — 1) Jjj^ail 

Silt o'sloU- 


crJ* 

iilkJl ^yi ;,US 

(H.) SlUt « S 141» yj 

31UI Jk- 

Bennewitz 1991 

•/. O.OOly Jit 

150,000,000 p\ 

C-JjJj 

Bennewitz 1991 

7 0.001 y Jit 

100,000,000 y p\ 

j&j) ^ 

Kaltschmitt 2003 
Kleemann 1993 
Spreng 1995 

(3) /.l 
'/. 0.55 
<4) Z 0.1 

30-1 


Kleemann 1993 
Kaltschmitt 2003 
Spreng 1995 

<5) '/ 5 - 7. 0.3 
7. 1.5 - 7 0.04 
(6) Z0.2 

1 - 0.1 

iijJ-t 5KJJ 


t 1 * J5t 

1.0 . 0.01 

iJtll 

Hoagland 1996 
Kleemann 1993 

7 0.25 
7 2 


^LJI SjOi 

Green 1995 

7 25 - 7 6 

jlyU* 

iSyidylt 


^>Hlj t (3.7 xlO 15 J/km 2 .a j! 3.7 PJ/(km 2 .a) 5 -pUJSNI :0Ij)I J (3) 
jjjL^S ,yjVl cJL 240,000 Kg] 570,000 Kg : ^jVl 3 y isU- '3s£S 

. ((humus) JIjJj 

. Hto.il okUU iUJI iil5SJ i^U-iVl k^u y (4) 
^bU j) (j-to^tJl) ^SkJl HI ^ 5,4 y. ^ ay y (5) 

. (HI J 0,3 : f U JSH. 
.^U -kydL jiHl y>kl JtoH! (6) 
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CIjIjUlpV l ^ ■**> A > J i ji jJJ JUJl ^*_«J| 0^-«o 

®UL>jU JaiJj 0 J J. yg X). 1 1 (JjJLU jL*_m*yi 1 J ^>- ( JjL/0 ‘Loj'A/ 3 U^Uw» 

U^ijl Jjj oL>J «LjL>^Jl t (OPEC) 

.Aj-L^LiiiJl - ji 3 5 ^*z>UaJl UlUJl cjI 

(. j c h iLSSU*>*)\J UlLo *uLp| o .j-iLJl <LJUJl oJIpU^oJI 

JjjjJlj LjUI J Ajjjill SjjJjJlj t '}U> : JiJl j 

j» j-~“j ® j-JiL-oJl ^-.P UlUJl oJ_pU^»J| . Jjjl j-Jl (_5^ 

5> r Jl tSu.) iuliJl ciJKj jj ^ ^JUJIj olSUJl Jlp 
oLpLUI jj-olj t JajLJl jlJLol ^jwoljj i (-\j-fr]\j *LJI Oj-Lj J-p 
jLo iJaiJl jIjl- 1 ^L" oUJ-l iJluJl J-~>- Jlp .(^.jjl 
L y^~ jl (<LOj-*-~Jl Ujjdl iSLUoJl J l.'A La) jUUl 

cuils ilL* s^j-Vl J tSu.) JLJI 

.( jj^.1 j*y OjJu 300 JI ^ JUJI 
J <dgLLj <llJI J 50 iaJLs j»j-JjjJJl ULL • J-l <JU»j 
LL-I^j i^L. 24 jIjl. Jup dUi UiJ ji SfJ i 5 jl— 12500 
I jjb <J*5U- J ^-*-^1 0 900 i .L5\j *> lg ^ s *^-l^ 

lw~L<U> Ig.O^LoJl (_g-U>Jl ( J (_£jjJl>Jl ijjjjJl J-*-'*' <J _^°_J .(j-^jJl 

OoU Jik, SJlU. UL-S t (9-1) JiUJl JL, US' cLb- 

.JLoJl (JJlJl ( J jIjJj 4i La jJ'-x ijls i(jbljl* 


48 



(2003 flc fJj WKI) jV>JL fUJ iaili >J ^ jjkJ :(9-1) Jilfl 

•<^U1I Ai, 150-11 lPU- 


4-J-ojJl 5 jJLaJl J '. jju. Jl jJaJ J a i-o—j 4-lL?-*>La jj> 

oLj jJl ^3 la-ajJl jU a >t^j! LoJLLc- l ^ .» a i 

. 1) JiLDl Jbl) oL^-Jl J (LJUp J^Jl Jl) 5JL>^JI 

c((9 - 1) JiLUl JiJl) ^JUJI J^JI J JaiJl ^ ^1 i((10 
>.. j <u-L*LLa jj> (ji sjj>o jcij) JjL«_<ji _p-^n juij 

.oL^ujSfl 



- 1900 (Jo 3i- ili.V jll ^ iiiS jb? jh. JSiSJ :(10-1) J£4JI 
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jjS'i I ^LLfjl Jjla iUJ J oLLJJ jiL^Jl 

Jo Ukij t (^Jl . . .ol^L^Jlj c l _ r ^Jl jLfj»Jl JJa!) 
Homeyer ^JaJl) (^Jj^oJI Jl o~--j) JJlj <LiUiJl ol5Cii«-<Jl 
JLJI JU jl^Sfli >ljl oUJu ^ j^Ul jlojJl Ju* .(1989 
_ l) J^LjJI y^° ja IaS) ^~>_^a (_ 5* SjjLSLtxJl o. yjtJlj <->ojlill 
JJl^JI ^jJl J 1 1850 r U Jl 1700 r U yj. : ((11 

jiS^I (1) jLJ f-l jjl CjIj Ja “dao J j j-aL! oJj>-Ij oiL JJ 

J *}Lp- <L-a 50 ya Jil JJ oL><J ( jAjiAjl j|jJL»Jl 1.1 a j ‘ <Lx»a 300 ya 
oiLJd J J~Jl yA}i\ . 1955j 1930 ,yU y^ L. 5 JJl 

Jp bU^pl t 120 Jl 70 yu 1° jA SJ^Ij Jji jl J jL*j 

Jj L>_) iijlio j^o ^xJl JJlSl i ic-lvij I-Laj 

JJlScJl .U Jb- Jl \+JJ6- J Jb ott JJl ol ja jjl t fc*. 150 
0 _Jj 70 ^^A UUl <LiLaiJl ygtll <LiLvs J O J ^xl! 4 j* 51 _jl 
i-iLai L>_j y jj>iJ *y ^Jl ^L^oJl L°l .2000 j»L*J LoJ j ( J^ jo>l 

(JbJl J4JI JJU Jjj t jUl oliuJlj tj^^Jlj 10L.UI) 

aIjJI cjI Ja aiaoj j I JLyiJI j»^o Jl oLJlSsj (1) La 

i-lj^J Uij lULJt J r U J J^a! j^L 4,1 J J 
.(1990 BAM) «SjUJI OUoSf ^aUttl jl^I» 
l «,ig ilj) ^jjblj 4 ™j 4 a. I? il ( JJ ijjjjJl SjJJLlI j»|j_>cJL^il 
ijljLj £A La t j-^aJlL! 4_LiLi (<L^pL*JL?-Ij 4~ aL«a 

Ja Jl) (Munster) ja L*aL>- ya i^ljj Jj . 'iJsl JujjJl 


oVl SJLp J-j JUJ! ^U-i)ft ola LjjjJl oljUJI (7) 

l^P * — 3 1 L g . l^ l j3- (aLoi 12,500 : *}li-A ^jaJjjjJ-JI) 

Jjli j^P <uld t ^UaJlj . 4. : A.+0l]\ jUpVI oJjb 

. aJ^I I^jUjoJ! OpI^aJJ Uju 0. ^5^- ^UiJl IJu oU JbJLj . ^*JI ^JUaiL ^ ^^JdJ 
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j'lf Jj O^J UjS 2,35 UjjJ ^LJLS^- (Ewers [et al.], 1991) 
. (Biblis) u* 0 aIs^ju] jj UUl 4 *wm*<15 



•^juLoT liaj ^ jll ^a <Si& (LjUli) <^a AjajjUIl ^jLaN jl jja 1 :(1 1-1) J£*2*fl 

^jLull ^ jB .(Bavaria) 'Ujlab aJjj Aaj&sJ Jc. JiUaJ 

.(Grimm [et al.] 1985 ) &*>} j 

^wal O j-JL« 294 _j ii^l>Jl oI^J ^^1*^1 ^w«Ul 

^^Lp JwJ-aJI jt-j ^j-woUl d)U JULj 

iSlkll JSLlll lift *\d>^\ jl .<JNT iJUJ JiVl 
JjjljLoU J^IS L^ajlj t (JL^-J» % yi l js> ( j-*<Lw»» % yi ^ 

s^~y^ ^jj t <jj^jJI SjJJLlI ijl3 l E la >cJ 4 _l. 

,oLL~>Jl ^ Lfe-V jlfp^L 

dilkJl 6-1 

ojJLall ‘dz>^> oLx>i«J iiliaJl ^Li>-I <J OL>cjI o y^i 
4-jjjjL^I iiU» J^l .,,0 A. ; J-Ji-sLliJ OjJi k ^ 11 LJLJI oliLcLP^Ij 
tJensch (1988) j t Schafer (1988) j t Aulich (1986)) oj>J >, aj 
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Sprengj cCap (1992)j c Real (199 l)j c Hagedorn (1989)j 
pS y ^SlsJL UoPJL. (4 _ 1) ^ .(£JI ■ ■ .(1995) 

^ ^ ( y 0 _ I) c L^_*Ap (J j-A^g_>cJ i 

I cJa---& c ^v^LoJl JuL*Jl aJ! LaLoJ 

-26 g/kWh JJ 318-230 g/kWh ^ I JkJ* L^jJl 


.^1 j-oJl Jj-x^Aj A-^jJij ^3 0 j-w-SsJl oLwww^^jJl 41 

c J j^XwJL 1 ^3 Jj>caJL Ojjb^o c I Jl>- 0 ^wAJj 

0.3 mm ( y aSIS jJJ ajjL^-oJI <5^L>-wJl ^3 { y?yj>zJ ^ y^y aJI 
(Alsema [et JI3 j-* I o j-*D ^1 |*-JaJl oli IJl^jj . 0.2 mm 
. ajuJI 30 <cuJl ^ 25 y2j&j Io«jj &!•]? 2005) 

olSUJIj 53 Jl>^JI AilkSl olikuJ mkJl (t-jill jl ^ 

I A«A (j| t CjI y ^ J3 Ao j^ygjA ^jaJl A^jJ&l AS^3ta\Jl jlp 

A-a JjL>Jl oLL^-Jl AJij Jb d)V t A^*Aj Ug.i.l>c^3 iw^llSsJl 

i y AjaJjL* CjLo j_L*-oJl y» { y apx^sx-*/? ^^JLJ 1 3 

. ( Jj>tLJl Ajb»*>lJl J yfiJL !l 

AiUaJl ^-O <l)U>jl l)LJL> y2j\*xj O Jj>- t^-s^LoJl ^3 


LjJI 3 jJ j t iwJLiJl j . (Energy Amortization Times) 


.ol y m Jj^\ J A^J ^ Jl JitiJl 3^1 Jio V ^ikJl 
C(JlLoJl 4 l5 j->*->*Jl j*->c-aJU AA-alp a jg A ■>«« ) OjjJ AJa_>c -<>-3 

ojji AjjULj c 0 J^-lj AJ^u « 4 iU^ £yj^ C^JLib*- 

cJjjUUl i«_A> ys}\ (Jl^clw*>lj (. (Jlj>- (j? I ^lp . ol A^jjL A-o j3 
^yj O A_*^j LJ l S' LjIJCLjI LjjU d)li 

Lfj j»-4 aJL> jJaJl 0 j_Aj ,ojJ_aJ| Cillaj>sj> ^wO- ( j- a 9 i 

0 ^li! o3Jl>«JuJ| AiUaJl j3L,4?^j ( J^->- jl Ji^aS U>J) 

L^-jLi {*>\ AiUaJl ^j^_>cJl] oLAj^a 
A-iLlg-li ^Ju^j>cJl] 0 j^' Cj~l^ i ^ a j cLLIjl^j 
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y i JJLjtLo ijiy L^JyJLj oi-lyJuJl 

.oLL^Jl 

5_iLlaJl y Lv 2 ^j ^JyytJLi 0 y ^-^Jl ^ JIS * l*-j| :(4 _ 1) JjJyJl 
apL, -olj^U J£J C0 2 y (»! >JL) *ly5 Jl <ijy^y I 

.2005 J\ 1999 fU y ^lyJ 12, (AySJl y 


u_jI 

(Alsema <4) jjyT, 
2005 [et al.]) 

(Kalt-schmitt 

2003 

(C0 2 

Vop 

<3> y 

(C0 2 y&) 

obL 

( %>V 

(Stelzer 
[et al.]) 
1994 

(Faninger) 

cr^ 

20 






940 








960 

*ly yi 







910 

yi 

3.U-JI 




1146.6 

1135.6 


890 

yl 

1000 

839 

878.4 . 

1049.00 

917.7 

840 . 830 

860 

yi 







720 

<Jul>- Jaij 

400 

399 





480 


8 

48.23 

35.7-8.1 

i.i 

0.7 

16.3 - 8.0 


SjJi 

rW 1 


21.10 


1.8 

1.4 

100 


5JU SjJi 

41.26 

279 . 123 

318 - 206 

61.2 

51.7 

300.230 


5Jj-a2x!> 


y_k!l jUJl ji yLii-l JaiJl J ilUdl J_^liJl Jl Jix-J 1991 yxJli J_^l i> (1 


. 1992 ylS ^yyJU 

.1993 f U J cxy! oUy JI JX_Jj o> y 1994 jjy y JyliJI (2 
-L_si jtf UajT jly VI J JU-T (D B, 1995 : g- JI) jlTVl 611 JU i~ld! ^J.1 xi- (3 
jlyVl y Jyl tiyyxJyJU .JJuaJ! oil ^ _yVl £hll oljUJ yLSdl jy^JI 
.1992 GEMIS ^yyJU U ij CdTe lyJySj 

S^jJ-1 ihSCil Sly Sj> jti*Vl J Jd->. : x-liJJ - lui-UI jU otfUJI Sly Sjy (4 
. 1700 kWh/(m 2 a) ^USJ, Sjyd J : Slydl i4yd y)l SSLUJj 
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C^vwJ jJl A«+/9a\\ C ^jLu JjJ-xIj La 

*Lil ^ j^SUl Jl^sI ^Jli! Jl*JJI ^UJ'yi jiGj cj^i iSUaJl 
^ Lo-j c La .} I j-aj t L^JlJj^sj tojJJaJl ^lLjISsJI oLj>JI Sjj3 

^^-JwoJVl ^Lu j (1)1 |*-P^JL> t (jLwoJl ^Lp • ^>_9*AjJl O^Lp| dli^ 

3 i jjj+s* jl-L3«o-j iJLygJJ ajULoJ! 3*y ^-&Jl ^j-a ^-LpI 4_5LL? .i3^\_^jLw*>1 <l) 

-LsJjJ La ISJ t^j^Jla i)j£j (1)1 ^j5Lo-> U-A (1)U d-Lta ^a j £ i^l^y^l 

^Loj (jL>eJl jjfc Lo5) 0^jj>tla 4.5 Us> J^l-v2-a J^j jb ^j£- iSUaJl oJlA 

La ^3 ^ ^Jw^JVl O^Lpj I (J^jjJl ^ ^Jw^JV! 

5iUaJl j-a 5_L*J| 90 ^I^jJL^Ij (_$Jl!I yH I j-A. J (Juu 

^\jLa) .(1) d-***dl ^jIj C1jIjL*-oI ^j-a ^JdjdJl ^JLJL>^ t 4 ^A>c^m^J1 
J)oj\ t^^JwoJ'yi i^-Lp *'■*-<>-!! ^ 90 ju^ S^LpJ |*-i> ^ 

.(2 . 8)j (1 . 8) ^JjJ^Jl W 

A>- iflj jlz}\ 7—1 

J-^sJLwa'yi (1)1 iw-dd' <L^I jjJ j-A oLL^>Jl oJlA J^a ^_3J_^Jl 
^yUaJl j-JLJl ^Uo^l Jl* j^yt *Lo ^Lll d^ltaXJ ^-^-Ll c-dL^$Jl 
SjjjJl jU^yi J Jl^Vi cdJJi .j^Jl JL^I jli! 

JjLa J^lj^P dDS ^ U-> jJ^JJ 4-LalSLJl 

3 j _^_>- j c^pLj^-SLJl 3j3^-oJlj c t iwwdjjJlj tJJdJlj 

-fUaJl dLSLi; 

g&y\ i-7-i 

jLii>“l ^jo t iJUJl aLJl>sJI ^LoVl (3 Jh 4Ji>“^La 

SJiftU L~j i.^L- Ji <£ :>^' oUI yr^ 

AA-p) iiUaJl (^LajI ^ /?-&->- c ^^L?»“ Lla^j . jJl]\ 

• Lo-*-aL>“ 1 ^al (1) -Ls^5*l ^^lj C1 j1jL*-o 1^ ( 1^-ww.A} ^oJl 
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A 2 _ 7 _ 1 

ojw\JiJ! <l! a_>c-a jp 0 jJ jJLoJ 1 *LoL> j_^_5sJl iillaJl ^ 

Ji* <lL^aJl oli J-oljjJl £;^a- jLlP^I ij-Vl £> 1 <Lj j-Al! jji! I 
(oLj-sjJI oL^-Ll^JIj t oL^LSLx-i'y L) jJLaJlj £jj_«Jl 

.J-lj*]| 0 I 4 J iUu^Jl O^lidlj 

jj'^l 3.7.1 

j»Uij (jLo_*I~ul ( j» Jl™»5l ^jll! ,iJL>c_«Jl ll 

(Life Cycle oLj>JI ojjj (_p jwa-J ji 

jl>J| ^LiipAJ L«J*>Lo <uj5 i_JLa- .Analysis) 

£3j-j l yj il j»LlajJl j»jJL ijl k— t(oiL«Jlj oliaJl ^jjjjJ 

I jjs ^Js .^jiL .1 j! c j~S J-Ij Oj^ q » j^>Jl 

J*al jUpNI ^ £0 t J.IS ^UaJ JJu>dl iitje y* 

.J-iAllI i*jj jloj Silpj LolSva) yn.J}'> £3 j»Ual!l oU^SLi 

4.7.1 

£3 <Lo^ . b ~ I ^_3 4 ■< > . l a ji jjjJa_i ^_A » 9 J_gj 1 

t £U-i)Jl) J-Jl-LJI Jl* oIj-JUJI j vL^>JI <a*J| jUlpVI 

J-sL^j t(£ljjJl Lc-j_» 3J t4_^a-jLaJl ojljj>Jl 4 j>-j.Sj t jj^LSLxjNIj 

<ulpLill £lJaj £3 oJj>- ^Lp oUj5^»Jl y> 

y/> (J-4a>*JLll t £5 j_«_i 3 -LLj (Jj jJa ^j-Pj .JiAjJl £»j>-jjJl Cali 

£-l^Jl ^l2l>l 0 UI 5 L 3 I L*\ji £^3 U5 .ULyTi ^1 obli^l 
J^S\ Ojl jj ( _5^ c ’ jjoblllj 
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ol Jl 5-ibU ^UJI Jtp^Jl ^ vV^I 

V P j-s^J>Jl oU tiilku jJU^5 Jblji. JSLlj *L^£JI 

A_o j^ygjJ £ LjJL^ . 0 ^ta\^>cJLoJl oliUaJl (jL>c-« ^3 Lo»^a 
c(^w^jlU iLU ^loJaj'yi l)J (^1) ^y cy 5 jS* a* 

t(<C_ « 25 -L>- ijLowvS l yg oJ I ^JaX>_>) y*'*' W^-J 

JLj^I ilLj»j ..|Jlii-Vl *Lit J, oUl*JVl y> LJU-j i^jUj 
‘ oj^Jl o^jJl oUi! L^xSJ iilSodl ^li*^ 
oLi' jSUj oLLt jli tdUi Jl «Uil 

Lxsj ^o j*_P jJLj .£»>l jJI ,jA >- jl jiJ^J S«-Li5 oli 

JLP lyc^j, ^JUuJl J jU-Vi o! S/I t (2005 ^U) ^UJI 

^ J aaA-aXaJ mL*_) 4_il .^L>- OiLo^ (j ^-^-J-A^ aJI 4-lj (^a A AAA ) £^Wp 3 

jLx-AAi'i/l <l)li 2006 j»Lp o j-S1-a-La-aaJJ SJ_jJ_>JI ^Lli^/I oLJLIao 

^lxj| e_iJl5\j ol 5 oLa j-L*-«Jl j-aXJj .(_£ ^>-1 5 jao ^ajt> hXXaai 
, i)ux>^ (_LJ15J ^ 1.6 e/W p Jl 1 e/Wp ^ U 

aJ^jJG SiJ 1 _ 2 

<u-Jl*JI oljjJaxJl jA«j jj-a l ^ 1 ./> I 4-™^>—lJl L'AjnJl jjjLJLj 
6Uu\ll ^aa ^Jl t (Green, 2000) ^.^uJl o yiU Tjjj- i^-Jl 
l-L; .|J^>- aa> ^ a> ll j j-iJl eLUS e-La-Lc- ^jj> iJ_*J J jjj ojjLgnj ojjliJl 
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^ <L> jiJl dJUS (Max Planck) dL*>L ^^5 La ^yUVl ^JbJl 

c 5 jJ>-LJI ^Lwv^>- % yi d--*-Jw<>Jl g- j ! I 4_x^Js? i!jL>«-o 5_L^JLa 

SdJLa Lg_>j5 iiUaJl f jj£- oU> ji l)I aLp (1)15 ( Jda 

5_> jiajJl £_a Jiljjd d — >^j (Discrete Levels) 5i ./? a : * oL jJL^o-j 
(A lbert ^^LlJlxjI o j-JI jiL>- jL5l j-aVl I La .3 jLLJlLI ^jL>«jJIj 
* j-yg-il jl ^^laJ tl905 j»L*J i(*u}\j>^y\ ^ t Einstein) 

OU jJ j_9 d o— *_9 Cwww Co j— w*_v^ a (1 )j_S\JLj 

d)jJ JUjjo iSUaJl ^y> Ijl>- jlJiia L^ J5L! t (Photons) 
oljjj j_aJ| 5JIL Ul*5 ^J|^>- di-ljLoJ *LSjjJl CjL) . (1)jJj_aJ 1 
Lo>Jl ^ ouiVl oLy y> J ..I^Jl 

c 4^w^_**vwdJl Jji 5_*_d*yi oUjJjJj .^J^l 5iUg LvajI dJ-LoJ 
di-LoJ L^_;l Lygjl 5_o ^*a j^P (^5 ^ ^ JlUJI (jlL 5 j j+js^ 

*li .4 j ^jAj ^jJl j-wvAj La t ^lijjJl oL y jiJl ^^LpI 

^yJl c ^_^Jl L^-oL^— a (^^LlJllj I ^ jZjla 

(Erwin y>^>s j^-d j-<Jl ItaU^JL 1926 j»Lp y 

oL*JJ 5J:>L*-oJl oLa J^j (Wilson) ^L5 . Schrodinger) 

c_3*yuL^*-'y i y>ji ij_a <lJ ^LjIj .1930 ^Lp 4*1.^ 11 

UJj *d^-£L! oJljj>cJI o^L^Jl ^ J\ coljJLDl 

yJl ioj^SsJl L^-vajlya>- d~>- ^ 0*}L/? j^Jl oLdV Sj^^oJl 0LL2JI 
<LL>c_dJl o*L»L>- c oLjjjjL^J^/ I j .(Jjlj_*Jlj o*Lvgj-<>Jl 1? jjd 
LjLj^5sJ1 oIjLjJJ La cS^LoJl <J*L>- 55 jj>Jl 3 j_>- t Lj^5sJI 

Jgjljjj OwL_Aa CjL)jjj5sJN I C SjjL^Jl . 5-1 J ^ > ^J_3 JJo (1)L 

5JLp 5JLU ^lx>cJ ^^-Aj .L^_v2-xj ^-a 5JjL*Jl 3^L»JI olji LjjJ 
(J-LaJu ILaj .55 jj>cJl 3 jS>- ^w2j d~>c_» JajIj jJ! 0 La ^a La^j jS>*sS 
5ilL ^L>J L^JU j yS5Jl (1)1 f-Ldiwalj c otLvgj-Ll oL-J^I La^l 

5iLL I4J ^vwo-*xJl p- ^ 3 p-l d->lj jiJl ^^s>~ ^ _ j I 
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.Oj-SLj-LJl J-i» o_j yiSbj (_y3o 

iJj5LLJl iJbJl (Russell Ohl) JjmjI J3>j i_jL4iS1 

015" Lo-» I l4_^_>- 4-^bJLl LJLajJwo o\Sj .1940 ^»Lp uJ . o 1L> 

.4_J»p L^-Lwa-a j jlS' LoJj^p ^yL) 0 a 1 aJLj jJul*j 
(_ y^*4 cJlS’ yblj-bJl y> (y*-^ I }—> y <1>1 yb J-ijJl b~yJLj 
. (n-type) (y _ ^y) « 5_J L- » yajLai» j _^5LLJl y AjsA 

olij jJLSd^l yo yijli <L>t-JLj LfjLi j» j-Jl i_3 yj yajLy 2 j>Jl oj_as 

I4J 0 1-5" (j ^^3-*vJl ^ya ^ y>-l (3^^“°-? . ^3331 L^_)ljj>i— 4 u 45" y>*Zua Jl 

byJL) I 4 JL j»j-j| >_3yJj C O-type) (j» _ £jj) «4yy» yajUaJ>- 
iy- j^>Jl ob>aJl y> yajLL! LgjLi^a I j-jlj 4_™^a toll j y53j o'^ £i 
jl><y yJL- OL 4y l lj j yly-3 JJ.5 y yy3 4y£ j-*j) 

.(L^y 


Sj-y-S/l iyJaJ y (William Shockley) j_4 j»LLj 

_ ^ d3*^-saa_j) yu ya 4 j ^^31 

ojejs jj-k Jl ( _ J _ Lsy 1 1949 j»Lc- y (p-n junctions) (y 

oL-Jal OJJJ kdUi <L-L»-*Jl Oljy~ayl yjl . n. .,.g 1! 4j jla.il 

y~«J3l L!>UJl Uuj cyb yJl C oLy^l y o*>UyJl 
Jibs g-l^l ^1 ^p! <4 jJL>JI |JL»j .1954 j»U y jj'i I blbOJl 


.i)IJuT JjSfl oUiJJ UJ^JI y^hJl l>j 


4*5" jA ^Lp 315 oJjJj>JI 4*~^o~ 4JI h>tj ^iJjbjLoa! 3^1 

y~o jJl 3;;^*^ J-® 1 4-® 3l5j .1958 j»Lp ^^3 4j|j_) bjl .b 3 

5 jlill bllj ^ JaiJl ^laa-Jl Jj3- LoJIp toLi-x-^Jl ^-Ua^o ( _ J Xa- 

I JjVl oUjlJI .JjLoJJ v^-4Jl U*>UJI SJlS^l jLb-l SilpJ 
J3bXo c~«jj C~3jJl 13 a <e3>Jl \s\u^> c~Ls<alj 

^yJjjJl j>y<Jl j .‘LwviLoJl <JlJlaJ| CjIjJ^JI Ls^a j .,>a p- j i. ^ 
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^Jjl Oj-Jj-S'J I X^~*£\ ^^jLj CjULx-jI ^j-a i >JJ JjljJLoJl 

t 4 yg 4 >QyaJ I 4^L>Jl a. 4 .1 1>J ^_> a c ^4JU3 .l 3| o ^JbLla^ ^Lp o ^Ja^wJJ 
^ jMl ^jJJL*J| (_$wLa ^3 ii»IJL>-V o.bOL~~a ie-llvaJl 

.oJbJL>Jl 4-iJVl 

j)«i^}~ 1 jiJl j-JbJl 2-2 

0-L~a (_gi J_s4> jaa 4~i Jjjb OjLp 4_ww^o_«iJl 4-JukJl 

4jUil) 4yUa OiLa 4^Lyaa ^a _ 4Ls4?_J (j -0 

JaJ JJ 4_*_;jl ( _ r Lp 4jjJy>yyJl) J-y? j-aJl 4^_i o jjJj ^1 ((Doping) 
4-a Jj>tdl*^aJl <Lo^S\^L**Jl lj*}ij>sJJ 0jjU>tdLaJl yljljJJJ 4^aJ&Lwo 

I 4 J ^1 oiji ^ ilslsJi ai>Ji H .(^lj jsll, 

JjJaddJ CjU j 4 j<jjI JaJi3 k_JJa^ 4 jU t ‘L^-jli- oli j 

0^5 ^JL^J^/1 t O jJlJI iw^S" ^jJl ^3 4 _oLJLJ| ojJJ! 

4jjiaJy»Jl oJjk -^"J-d ^ JLJLj .<5 jj>Jl y>- UAjU ^j-^aLiJl 
IJLjjj tiJLJl 0 J>d\ oL><JL!l l ya (i-Jlp) jyS iX P c jjiJl 
£^>w3 . (n-region) ^ 4 JLJI ^LikiaJl ojua 

LsLi ilj^j Sj^LJl 4 jL£L : (p-region) j» _ iakiJl 
- .^a ^ t i ^ 3 ^jlJ! to. jjj-J' 

^j^J-J! 1 ^. - S' jX]\ ^3 4 Ja. 1 l jJl <LLa.^jJ loJb I X^~\j _^l£J| 

tojjLax^Jl luIjJJI ^y> ((4^/sl jH\'n oj IJjs .J ) jSLLJJ 
£-jp-jx <> Jl jjjz£jy\ IJjs ..sjJLLJl jj^x5(J^I ^ij-a ^LJLj 

.aIJCXaj 2S j>*Xb AXp^JX) (Hole) ((5 jj>c3)> ojLipI UAjI ^ 

olij jiS I 5 jj>Jl oIjj^jsJI {j* Ij^>- j-^ iwLc- 

4ala^a. ! l oJ^ ^ olij ^1$L3^J| ( _ r «— ~j iJLfjj t j» - (jJallaJl ^3 o j4>Jl 

iXaxJLil ^J*iLaL> I Lj Cj\y>Ul]\ UJ«j 14-13^1 4jJ»tJL!l 0*>LaL>cj 

.LJlpVI 
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J^^LaJI J->cJl JCS' yS y ^y \ As^yj 

Ji\ ol^JJlj ^ . ULl^JI ^Jl oUj^J)/I 
oJlS" ^Jl ‘lL^jJI ^y jU>s-a LLl> ^bJLj t ^ _ ^JLki^Jl 

<c^c-*xJl ^1 y Ajilz^a ^-o-> ! ((1 — 2) Jk>\) ILL- L» j-^ 

jJJ d)l ^1 j_*jJL> oJla j^s^J . (space-charge region) 

. o%>l>J jLljo'y I y> 

jJ^j A m ^Si ^1_p jl) p j^aJl 

0*>LjU*- ^ <oLj LpJ» col j^>sjaJlj oUj ^>1 jjl 

<UiJaJwO ^Jj ojjSs 4jj>c-^Jl 0*}taL>- jJLDJ oJ_x_> I <Cj>c_JlI| 

oULiSI (jL>^oJl <da-w*»l |t-*^A)Jj £1 ^3 

L5* J-® ^ ‘ (* - a* - o~*^ 0 * v M^r 

I jLo (jjjJo l 7? ( J_«^- ‘LojULj (J~J aj JJ^Pj . (l _2) 
.ioL^S^I SjJuJl iJL^j 
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. 1 0 cm x 1 0 cm j* % jjLB jSuL*. <A±A ^*Ul jku* :(2-2) 



A*w*^L>“) <L*pL*»jM 4^%wo-*^Jl *uL>sJJ o^wo-oJl 4^^L>cJl 

^ ^ U5 c ( %IjJJ 5^_JI wUJl £. jil jp" (^>1 


• jjiL. ySL^S' J-f>- j-U<2-. k_JJai l^UaNl ^LiJ (1) 
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t <uL>Jl ^Lp JsjJL*! J^f-j . (3 _ 2) 

jj j^>J ^JLjl oL> t j'yi ^ Iphoto (_y j-sill jLcJl jlJJLaj <Lv?L><Jl oj_A 

:L— Jjl U^JJ wUJl oJla aLj^I pJoj .(S^Ui)fl wW jLxJl 
p—^l. j ((1 _ 2) J5LUI Ja\) LjJl o jU, 

•JUa-SJ Sii^. ^ 5*JfcH ^*£1 I oljlJl ^ UL 

i»^Jl ^yajlvaiJl Jb-I yt (short-circuit) I sc j~^2 ] I 5 J>\s jU 
oli jLjlII IJLa I IJj>- 

V oc SjSUJl JL^r .iciVl l*JU cuki~, ^1 jr aJA\ S^Sla 

(^1 JU—^j jj ISI oL~°*>teJl JLf>Jl lJl^j : (open-circuit) 

Ujl j^~\ jj-SC-owoJl ijjJajJl <LJljj^-S\Jl oj-LaJlj . ( 4 j>- jJLa^o 5 jjIj) jl-j 
J-s^L>- iPqrt t 4 j ai l'll U jj-l ^yjl ^^lloJl) 

• *-)l (_£l t Kqc 4^-^XjLjJI 0 jjljJl .X^a-j / jc ^ygall 5 jLj l_j j-^5 


Popt=Isc-V oc (1) 

^LpVI ^-■’1-^1 ‘ P max 1 (_£ j-v2 _aJt 4 -jLj^ 5\J| ojJJiJl 1 — sjptjj 

! ij| (^1 c ^J-^xCtlJl xiajtj AtP I j >■ 1 ^s4?L>- O^ 5 

P =P = I V (2) 

(Maximum Power Point «(_$ j y? a II ojJlJLJI 4 L> a j» 0 L> «J j 
ikixJlj ‘Imp ‘jLjJJ SJmJI ^ J-^L>o (MPP)) 

■ V mp 

FF (fill i^cJl o UU P opt ^1 P max ^ 

(4 _ 2) JiLiJl .w?UJl jL^o «iiJax~y>» ^Jl^j t factor) 

. I-V iLlLJl aw^UJIj V jl^>J1 J P SjJiiJl 
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OjjJjJl ^j-sJ L^_jL T\pv J) « 1 jjLS I 0*[JlS 

L^_pI*_jM jw ^ill Sj-LaJI Jl 4 j>-jL>cJI 
SOLAS' . L-A-^JgJi^ ^L^pL^-Jo^/ 1 ^J»P T|pj/- *LoJLx_)^ 

: (STC) (standard test conditions ) ojL_*-a j jJ? 

^c-jg-^-li ^J_p <Lo 1000 W/m 2 LajJ-5 <l^pL*_JM 
OjL^Jl 4 ^/**q,-JL]| 4^P L*_*>> La3^ j yij (. 4^L>tU 25°C Ojl j>- 

(Air Mass) SJl j_a ih^j) ^^j>JI ciMkJl 41.8° ^LajjI ajjIj^j 
L^J Jj^yS\ Jj^iJI Solis’ jU tLsLjJ .(1,5 

iuJl ^ 28 JlpS/I Jl^JI IJla £JLjj JlpI 

! <L~aj oL^wj 0*}\j aJj (1) ^SLLJl SjjAJ 

<bL L) ^5v-J-wJl - 1 

d)l - (^^SwaIJI jl^XA^l) <J jj^_1? Jp A^1*J 

,L™j ^j/9A>Cj» 4*&\a/9a*\ jU tj.iL) ^J5wo L^mJ O-l^ Ijjfc 

oli oU jJj_aJ 1 ! 1,1 eV LajIjJLj 3 j_>c_aJI Jaj j-J* aJ Q? _ 2 

iSlk!l ois oU^jill Ulo cU^UsI L^Uiol ** N JiSfl iSlk!l 
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oljljJLfclS CjL y ji iilkJl ^y> 

.tJLaJl t o-i-A .S^jl j^~ t 

j\ ((L^JaJl i^L^J-l)) _, l _ r ^„ Lo ^jjlZ tLiu! kJ>l^>y\ 

.(olb! jJall) U^JJ «oLkJl iUl-Vl* 

Jp JUs-i V oc (o- .jiAl ijJtJLil JL^r) ^Sll Jlj4&\ JL^Ll - 3 
0.7 Lj yC ojljJLo ^Ljj - j» (JliiliVl 4Ja~»l^j JajJ.1 .t^-A-l (j 

. j jSLLJl! 

JULs oUL 4_«_JL><Jl ^3 oJl» ijjJajJl ofrLiS' 

. ^j-o-ygl) 

ol^Ul JJdalllj < _ r ol5C*J*y L JiiLaJl Ji* tLjj^aJl jJLill oLLt • 
• Ufljl (sjibJl) ivaxj.1 jJ> S-pUoiNlj JjLsJlj iL»USn oL~o*>bJl 

(Jj jJs ^j-p) (Jl jjJl jjp’ iLya^ll oLojUll ^ <~0jV I JLa-sJl CjLLp • 
(JjjJs -jS - j ((Sheet Resistance) i ./g !l Lojlillj oL~»MiJl 
. ((12.2) JSLDl J&\) ^j\ jdl Jp iL*dl UilJl oUjUll 

.(Recombination) o^IpL JLiiJl oLLp • 

<J ^iaj JaiLx i) jj ji (_jJlp 5—~«_JLJl <cJl>JI iJLSCo) 

«aI_^ SELLS'* Sj^JJlj jj j jl£J)JI ^ jA*-* 

JU-aL «LJl=-Ijl!I i—oJLlI 5c-La_SCJl» /» jJu j . (Quantum Efficiency) 
O^La^JI® ^ y6-> LoJwO C ^U-wvwO-*lJl 4-Jj>cJl ^J_P yjiSLx^*)} L> wLaaJI 

((Quanta) SiUaJ I «oli5» j!) oU y jiJl Silk j! ^yj *s > ^JL 

olp j»jJL <-)' t (tdk^k ^J~£\*a (1) jjLaJ ULk) y O^Lj ^ 

t Ik^J . ott iSlk iol^oL ojj>sJi!lj (1 )j ka9 ~L>-I j ^L>ejIj 

SilkJl ^ t (Spectral Efficiency) ikkJl o^US^Jl jU 

JI>Vl cii US' c^pU)/I iSLkJl Jl ^jUJl 

^jljJi iSlkJl jltatia {jsJSS- lIJwU>o 4-kk O^-IaS' ^-oJl 
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Oj jJLSLl^l J^-\j ]a a t LjLS’ JajL^Jl 0 jjj-tfJl l yj> 

^y> JL>-lj ^jj <Lil5 C~~J 0 jjjJl iiUa OJ15 lijj .5 jjsujJIj 

I jjkj _ jJl^> j «,ig ^ !j_aJl j— jLJI o L i t oj^c-aJlj o_5 

L*>UJlJ 1100 nm ^ _^Vl Jl jhS I -tip OJL>^_ 

0^3 c O^-^-d-aaJl 3 j^-L) ^3 03^_>-^-<jJl i^ol^-JLlI *L>a_JL)_j . I 

iJlLoJl <Lv?L><Jl La C-illAJ ‘LJLJLj-JI A.i.lg !l 

*L^a I ® ) ^a->Mj La^J . Lg-oa L*3 ^J LlJ L>^ CO *}\_P I 0 J -LaJ I 

(Spectral <U . a . ]g 11 oL^i^a^l* j\ (Spectral Sensitivity) «4 . a . \a 11 
(5 _ 2) ^j-iSLlJl ^ JLj> y> U5 LlAJJ Response) S(A.) 

o-Ld> ^^A-p ia j^Jaj i jphot(^) O iiliSsj t-3^*J t (7 _ 2)j 
iLiJaJl S.liSCl 3l>ol .Gfl) jl E(X) (LpU^I) JaiLJl 
( y>- _^a J jis Jc^p (Modulation) iJiAJl LU^i^al 

aJexSCj t*5Vi^>) (_$jL>tjl oLaiLiJl (_£ m Cx JU ‘ 

(_£ ^y> 4j>cjLJ 1 c_j| I Ol ^ulj (_£3lil! ciJJij (1.5 AM <Lj 1 jJk 
. (6 _ 2) JSCdJl ^ ^ jl^>Jl lift Jiaj .LpUJ)|| 
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[W/(m 2 -nm)] sLU ^ 



I ^1 p < 1*2^ iJjsx^Jl ^iJaJl ^jjlll 

. I 4-!*}L>- l jji (_$jJl (_£ j->Jl L_3*}LiJl 1 w3j jJ»j iS^Lo-^a ^J_C- 
<L^~«_2lJl L*}L><JJ <L>-jL>Jl ojJJLIIj oeliSLlI i La Jj>- ^1 j 

^ iJU^I ola^Jlj c(7 _ 2) JSLiJl ^1) Uul cij^ikJl oJla 

.(glJl JvaiJl 


i;i;UH Ua^lj laeliSlIj i(I-V) J^JI-jUill ^L-ei. jl*a. :(6-2) Jtill 

-(UNSW) jl.j AjL, jai W* ^ 4#* «l*S iali. f Jo* J&iSj 



. yU« £. (ASE {- jj) SjjLll sas»i. i***Z UiJ Uul ijuUi UeiAII :(7-2) Jiill 
. JljacSU e l >.vi ii. -ijc. ^jUj *(AM) AeiKJI ijal _#! JiSSj yfcs-. £tfijl Ujjl 
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iji ja)I uJ 3-2 

vo i ^L>-IjJI jL>tx>Jl 

°- 3 v ) - L f^' t3jjj 3aDi (j-SU^j 

4_>- jjoLoJl o ^ jIjJJ jl^_>cJIj .(o 0.7 Vj ^ ^-JL* j->*-L! 

J j_va>c-U dr 0 <J^’ j-* <^a>o c£^l 

Lo-> _ ^Jl jlJl L%*Jl J-J c ^l_p| Loj-^-S* ^j_^_>- 

L*)L>eJl ^yO _i 

^ ^ o^Lp t <\_LjLd ^Lw*J I o >\j& ( - ) % y^ 

Oa^JaJwoJ I )) —> ^-o— La l)^-^Ll 3 L>-plj 4 _^-L>-j^ ^La-SLjL^'^L; 0 
l*-pLJl cJLl^JI d.1 .^.* ai t)LJ 1 j . ((<Lu j.. «/?.:.] jjJJl 4-a jl 
_ CjLLw^o I .li j-o-J o^Lp ^_A 4-J_>sJl ^LpI 

JIjjJjJI ^ Uj oljUJl j! Sfl <, (EVA) 

^J^CLa (^jl^>eJl dLl^%Jl jl C oL j5LJ-wvJl jl C (PVB) ^Jxld 

^UaJ J^4 -W D-;J^ j-ij -laJ J-AJ <■ (TPU) ^j^jj-Jl 

4^>Jl coils' li|j .^Jl*» (_j»Lal UlDj j^j Di. ‘'-^>-j .U jDl 

oli.L ll <D j^s>^ ^Jlp l5 j— s^j) <DT j» iilij j jU(i j aDIuJI 

PVF D~~ t PVF _ _ PVF jl PVF _ ^juJl - PVF JD. 

« 4->r i „/g j OijJaJ^oD l ^ . o. ... i Dili i(J_J^jlJ| Jjjj_L«J| j_* 

LJJDJl L^l cUD lilj i((8 - 2) JUDDI ^iDI) (Laminated) 
JiDJl Ja^i) (Encapsulated) ((SUlD L°jJDo» DU t ^U-j 

.((9.2) 
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EVA 


jUJ 

*■>«■ A-u j. W.'ji Ajlii ^ :(8-2) J&u»ll 


^lib J~a>« « .! •■ »» ■ « jW-j 



t EVA 


.Aili-o Ajj jjJao I j3 AjiaJ ^jJajC. £_LaL> :(9-2) 

^JiLoJ A >- ^uLoJl o ^$1 .aJ 1 t^_3^ *Up g- jUJl wA^j>cJl ^JL> 

^p oLL^lJJ 35 V 17 V ^ olp o ^Jl 

24Vj) 12V AjjUaJ ( j_>G_*xJlj c a^^xJL <lI a^J j«oJl 

aJl^ 72 Jl 36 v-JJaJL) ^LJLj Jlp J*^Jl JU Js 

^ (jlpJL iojJa^Jl J^-Sc^oj .^J\ ^^1p 

JpLw%o j)\ ^JwL*-a A-sjLj ^ 5 <L*3 Jsli) ^ip (_£ &j 

4j*>L^ l^J jijij i* jliuJl •wwsS* ^J lp 

^^Ua>Jl 1-3-2 

l^J j jLto <L$ A^jlg^U oJ^o^oJl ioj^SsJl ^^Iv2j>cJ| 

^ (Jl>Jl jJfc l oS tJ^_>Jlj jLx!l iS*>UU ^j^ajL/a^cJl { j^ 2 -^ d^>- 
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.((4 . 2)j (3 . 2) 0M5LUI) LbUJl 

^J| 2Ls jiJl io jJab«Jl ^ ^1 j*jc-° (Variable Ohmic Load) 
<Lo j^£]\ LbaljLjJl c *Jo 



.(AM 1 .5 J 25 °C ic ^Lli J sjijsJ i*j* ejU j-) <i£i- 


( J_v 2 j i>-jli- LjLj^S^ ojji ^]) (_£J^a /" L ^baxb^Jl ^Ijjl “Uiplvis 
. (MPP) (_$ j^aiJl ojJlaJI ikJLo oU-^Jl LkJLJl JLbP I4J L«Js (J Jl£ 4 Jl 
®LjLjtx>Jl ^yaj>iLjiJl t«jj jJa# iljLc-) JLa3 t iijLoJbo CalaLJl ( J_*j>iJj 

<t-jlj-^Jl <lLi5vJI J_Lc- ^j-^owsXJl i a - la 1 <J sjjj i-a . la !l b' ! 

UiJl JJJLJ ojl ^ J c 1000 W/m 2 Obp t AM5.1 

LAajj i(IEC 891_J IEC 904-1) ^jL^Jl ^UkjJJ) °C 25 JU^ 
(Tl9 - I) JjJL>Jl ijJ Jiu \ J c (DIN EN 60891j DIN EN 60904-1) 
j_y3 la a t la.. i ^-jlj 4J (G jl) E j-y*J .((Jj>cJ^jJI 

350 L a I j-~-j a J) " l^aiJ ' Laj) jg X x>. I 1 ' o 

JL^aaJl l LsAi^bJI . 1000 W/ffi 2 

La > ^11 S^Sla jLa' v_^lbbj .((10 _ 2) JSLUl ^1 ) U*,Ip ^ 
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SJJ jlJl ollj ^>11 g\jj] ^jU-4 jUl oM 

OjdJjJl (1)1^ C . L^-y9 LygJLo I ^JL> Cjlj ^jLll 4-lg-^l 

350 ^3 4^pLx-Ji^/l k—~^ijwU ^ ^JL Jl Jl! <lL$J^c^J| 

.(ioU Jj^pJ oAiS') 1000 W/m 2 Jl 

< a J>c_Jo J} j_>dJl OpLaS" ^j/2J3S>*-*J C 4_^P l_X_Ji <Lyg-AP‘6JwoJ I 

<UjUL>) aJl^IjJI jLiil (_5j^a <uj!JLj J-^ -toJLxj ^ JJl J^_>Jl J JxflJl 
5 >j jli^j ^Jl L*>UJlj .((Shunt Resistor) <jj\ y}\ Jlp aL^ 

^jA ^2tSl A.yg.A>6^J I A^j^a j~**> jLlJl ^1^ 

Lm^Lw^I l^i_A j) jLjJl A^2Ji > cJwO <LajlJLo-} < Lww%wo-*iJl Ij^\j>sJ| 

.(^WWM^A^jl A^L>cJ| <OL« ^3 A^jLjjl 3 I ^»J| ^_^A.^sO 
^3jp cjLo wLlp <u-m^-^JI <lJj>cJ| ojl j>- A^-j$ o^Ijj 

oj-LtfJl ^^LiS_>s_)l ^Jl JLJL j 4_>-^JLi-oJl 

SjJJ iK iuJl J -0.5 Jl iK iuJl J -0.4 jIjULj ^-jUJI 
.((11 _ 2) JSLDl Jill) J JLLJI J^4Jl LUJI 



C»U.jJ Jjc. SjjLlt SAl»i* <jj j^. i . 1 iujjoiljj J^aJI-jUSlI ,j< Vi 1.< v» :(1 1-2) J&n&ll 

.(AM 1 .5 j 1 ,000 W/m 2 ■>*. ^AJi., ^.Uiyi ^ ^) fcfci. s J 
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3sai£ji yijJi 1 _ 1 _ 3 _ 2 



_j <diL<w> <uL>J A^j>J| - jLxJl ^^jlva^- 

i-jj-fiUl o jJljJl ^yi ^JLJI (12 _ 2) J_£jJl ^1) IJLs-ljJl 
: _pcJ I ( _ 5 1 p (iislSCJl 


/ = 

7 «, 




, r q(V + IR s ) : 

“ /o L exp . 


= R p . dark -e 

v+JR s 


(3) 

(4) 

(5) 


^jIp LgjL/aj (j^oJ io jygJ ji <Lo JL^»Jl _ jLJl ^yaSL/gg-j 


1 = 1 photo ~h ex P 


q&V + IR, ) 


( 6 ) 


1.602 xlO 19 A.S.) iJjVl i^JI q 

fd ) (_£jljXll *U_jULo Rp 

(Qo, 5 JI 0,05) JI jJI R s 

(K) iilUl Sjl J-\ 5,-jj T 


iipUall J-»U a 

(W/m 2 ) i^U^Vl E 

(A) a^UD jU I 0 

(A) jUI I photo 
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(V) Jbll V br (A) Jjdl Jp Jl ojlill jU I Rp 

Jp A_pU^>!I gUapI J-.l~ ot (1.381 xl(T 23 J/K ) jUjsSjj e-.ll k 

(m 2 /W) yi R p 

^AP-lvail m 

.iiAi Jljl Jlp OjLixJl JJiJ jl J jiij toiLp 

j_«J 5_a_J a J_»L*_«JJ ^ k *->_ (Zimmermann) 1995 jl Vl 
Q R p JJJl LajLLa jjj JbJbj <.1.69X 10~ 3 W/m 2 

^ 1000 W/m 2 LpUJJ Xj>j i^y\ iJU- J 350 

ojLaL>t» (1 _ 2) <JjJj>JI JLj .70 Q Jl ojLLJl oJLa <gjs 

. Lo <L j j - A? v ’ jjjJl CjLa JaJl <UpLLgJ| Ojl 

Jyxi I jl ^Vl ob jjb 2 _ 1 _ 3 _ 2 

jl ^ ; !' J ‘V-L») Jlj-lJl O jbw>jJ J-*^ 3 

.J5j| jUl <JUI y* JjVl jLxJI ji j^i\ 

AJLsL^iLa oJLjl> Lj jL>- b 2 1 *■ AJLaJl 

JL9 <t_Jl>Jl jLu t Lvajl j .(JljjJl jj J>-l U^ 3 
Jj>o La C (<La jialoJl Jg.p J^ jLjJl APx-Xj jlLa) JJJ 21 IL 

LjUJl iL~La CJ15 lilj JjUJl SjjLiJlj J5jl jUl ^ JbJL 
jl ^j^Loj iLUi«Jl JbJl (J ( l _ r «SL>Jl) jls t^JSb La_i 5 j~S 

(^jJlj cjJLaJJ y> iJu3 Jl k_JLJl (Jl J-Vl JLfg- jjjj 

i 4_L5L.JL.qJ I oJl* iw^_L«jlU . 1 1^ ) L)l 

ob*Jl J) Jl jjJl Jlp (Bypass Diodes) « Jj- jl J objjb» 

ji («jiji jU' lJ cy ^j La gu cg^_jji u^jj 

L»b) I LjUJl ^L**J-«a ^J) _jl <L^^a«JLll LjUJl 

t JJlkJL J jJ J^a LaJL^i .((13 _ 2) JSLjJl J J~a 
jl Jl (J-Al» J-O-Jl jl (Jl JL)) JJbJl J Ljjj 
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jl J jjIjJ Jl J^->- ^y^ivjaJl JLj->Jl J J-OJ 

jod~. J L>J«j jl J jjIj <J*^>" j^yLSsJl jlcJl ^y> Jj^JCj 

.JLUJI J*^ SjU I rest 5 JUI oljLxJl 


y jjts (-« v**- 1 -yy^ J j*v • j js 1 - 



V >j je- y-a. yxi 3 o- »sjs- a-i- 


CLSs-JC-oJ ' oj_A ^y)»P 'w^LiC-L! ^ (3 

L*>UJl ^ tMlo) <Jl>JI otajjljJ Jl \ j&A 

£j> ^eJus ^y>- jl j*\ j^jIj j»I jl i(ojj_LJI ojJl*jl«JI 

«i_Sjl jiJl otajjbj i^oJuJl LMiJl)) : (Green 1980) LLiJl 

iJl jl ~> I ^1 j&A a*\j* t (Integrated Solar Cells and Shunting Diodes) 
.(4,323,719 pij lAyj ‘524,519 

I U Jai I JsUJl 3 _ 1 _ 3 _ 2 

i yg ) J*}Lg- 4-j-LiJl <L^-jl_>Jl 

dUi J-*_) .J-jJl ^y9j <tla-wal ^_) Cl. .t ij <Laj) 

<Li 4 jg i 1 1 J-s^alCa JjJJw» 4 jL£j (_yJl jl Jai- ^J) 

4^jJj>J| dsLa^iaCoJl ^yjlj .^yJ J ( j^-Lo) ^vjli X-^0 j] <djLi 
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j*Jo <b^>Jl Jal jjJJ ‘LajliLa -Li-La £a <La-jU- 0*>\jISL Ln~^a 0 

{y*j ir* o^-^- ^ ^ j k^ll J J^-I^JI <Ji 

J j' ji^J J Jrf ^ s\ , — ■ '^J- 5 ^-° (*-~d .L_w2iJi 

. J Js)l (jjXvaJl 

J,1 I Jl Jp aUfliJl J-}Ul 4 _ 1 _ 3 _ 2 

djL*^S"L*Jl J_La) SjJ-flJl *. — Sa-L/LS" L»J-L£- 

, Jl Jl Jp ola JaJ^Jl Jw» J f^-i t JLg_=»»Jl SaLj £* ((inverters) 
<La*>L*Jl jj-iLi iJL>cj t (*}ViLa o-L>iJL<>Jl oL'y Jl) jljJUl (_^3 
oLaUUlJ .(jlaSfl J.U Sl*LS 500V) 600V o JJ Ji^ 
t (15 cm J 15 cm Jl 10 cm J 10 cm) L*>GJJ Ua- L*jLiJl 
. 3 kW p Jl 2 kW p £jj *>- 5 jSs I Aa jU 

V ^y^si I J^aJI jjk>^ Oj-5 ^ J*l oljJi jj)f 

j!) oLajlg>o.!l J -, o ji j*Jo i(iLJlp oljlJ (Jp <J j -I'g ><aU jl) 600 
J_l» 1 JJ 2 P -Sj-a-J JL>- Jj J-P (oLjaJ_«Jl 

jl ojl ^>Jl i>-ji <C>c-Ij i *Ai<a t <L«jL~a J (J JL^j>Jl (J>la>ul 

jl jJ>\ 3jjI.S (JLo-*Ct~al -LLP l .|ig )l J-£jJ| JiL) ii-Lla-a 4 -j.La- 4 1? .alj_) 
Jlij iijJajcoJl <LJl>JI (lijJLkj® (J_jL>cj 4.JL oli t(^pjj>- 

iLL^^L^a ji (*"*" ^ J>-l jji c laj . I ^ i 1 ^ ) 

^lixJ ^jJl L^UJI ^ iLJi^ J5 Jl Jl Jl Jlp ohJjJl 
iLJL-a J JL^ Ji^Jl lijj .((14 . 2) JSLiJl) JSUJl oljLJI 
J_sas “LIIa- CjIjjjIjJI <LL*J_^a 0 _j-S(j t JiiP J 5 I *L>c-JL> ii)Ji -L*-j 

• k — Ij-l Sg o. II J^jsJI (J| (Jl ./7 )L; J_wa^>l_^JI 

4-i-wJ— «a ^3 -L^_>tJJ jv-jI-L]| -LAjjJI jjb 4 — g " ll oJ-A ^^Lw^a (^J3>-| 
3^jl^ ^ljj>sJL^aL) J^J>cJl (^3 -XAjjJl jj2JL>~ t Lsakjl_5 .Cljli^jljJl 

4-J jl tja^LijjJI Jl>i (Jjjk^a a^A- (jljCL=-l 
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Lvajl (j -SC o-jj . (Schottky) j_j> 
.jLill Jwa3 ^-hio oljLil! 


I / 



.AjLoaJJ Cjljjjb aUlmi ^ jl jail ^ylc :( 14 - 2 ) 


Lwww%u o C jL^S*Ip W ® ^ ^>“^1 4jL ^J aJl 

3^ jJL-oJl ojJJLlI j .3 jJ_JL!I i*— a_. ~S n-j ^ JJl v, 

^J-P Lfrkyg t^LlJ.5 wLx_) ^JL> S yO <L>-jl>cJl (<Cw^l^LoJl) 




jily»)} L5 j 


a^ISLJI ^LvflPJl 2-3-2 
^jSlkJJI 1 - 2 _ 3 _ 2 

^L^-j jj-a j jPoJl i . /3 : II 

j>j]a'.A ^b>-j - k2LjL^i*}b 


. 6 _>SLUI objib ^ 0,7 V ^ 0,3 V 0 j£_- J^i-I J JULUI ( 2 ) 
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_ ^U-j ^j-° Oj-Ss-oJl 

aJU^j OjL^P Lw*>Lw*>I \j . (( P-cjLya-a ^ 4_o A-o 

<, (EVA) ^JLJ)fl . _ obuJ ^ (mm 0.7 Jl 0.5 I4SU-) 

^c^j2-yg_j 150 °C oj! j _>■ a_>-j^ 4jw>sJL*_^ i 

dl-L» Sjl j_>eJl 4_>-j^ EVA .li ^_Jl ! ^jJLo 

(1) ^JwO-J £_J jjilJlj .^oLSsjo'iU iLli ^«p i «,<j il I ‘lJ^p 

. 7*7 - j .,^> ; 1 1 Jk-lj <LjI j-^Jl oLc-LlaJl 
; < Jl (J ^1 ^ j! 1 ^~.~kll *kJ4 <da-^l 

Jl ^J>^~aJI (J ji i*-ibU i-P’U 5iL» ZiLj>\ ^l>_ («JLJI o jlll 
^JLkJl ^JUJl J> isjsrj * Jl iili Jl .jjjyi . J_jJ _ obuJ 

oilp ^jjk i^U-JI ^ ^Ju t «4 j>t a./> a 1l» S-JjwajJj-iJl <L« jJa^oJJ 

_ f_*uftl _ JjJI j\ JjJI _ ^-JjJl - JjJI JllSj ^ c_JJ 
( 5 jU«jJ| j-a (Tedlar) JjlJIj .0.5 mm JjlJI 

J^UJI ^IjJVlj .(PVF) J-dJJl JbjJuJl ,LiJj 

<5"L<>-wvu ^yi LJ j2*- ^r^~j ^y* Cx^ 

oLLk^. f-LLx-xlj f-j_*aJJ JJLp JSLLi J^kxjJ 4 mm Jl 2 mm 
^3 i>iJ_iLa il j_«Jl oj_a «,ig >■ J_jj_«Jl i ISO 203 ->l Js 

.(14 _ I) Jl (10 . I) JjIkJI J J>JuJl 

jUpVI JjLiJ 2 _ 2 _ 3 _ 2 

c ^jlkyg ^ L.L.I ) <Lo y * k ^ l^jiJ I cijLaJaJw^Jl J?l 
j»LSC>-Ij jlkJ jlS'jl Ckkd j»-4J *jl-kVl i5J ^«i«/gl!Li ki">o i_5^^ 
^j-Swj (J-^ _jl IJ-v2-Ll ^3 <LwJ J ^-waL*«wa <da^il 


jiJ! i. ^kd! 4 jdl jl jk-lj 4 25 mm j&- jj,J| ^k. ojUl (3) 

200 Km/h j*. -0, k^-J 
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^lgll g .o. 1 1 3 J^~ j^ 3 -^ • jbxj^Jl oL^I 

c [^Jl« ^j,a*/$«\\ ]gi>tjJ j»^JwoJ^U ^oL/2jJl 

•>L^>-)llj Sjl j^>sJl <->-j5 4_>^sJLj UijJ oj^Li 

^jli j-A ((c-ilaj , yi® ji>-S/ 1 jLJ-JI .^JliLJl 

lx. 1! iiL>- 4-lb^*jLw*»! ((Butyl) ^JJLa) i^Lyax.)^ i 

Ujj i^i-Jl&Jl ^ JJubJJ 0 U*)H ^l~. c~JS <Juo-p J~i 
iilkJ Jit ibl^l j ^IJJI J^*it J^U ^-U 

0.AA Jla jJ J .oJjIj^o ^IJlpL AjjU^IV Ola jliXa C^Lj^fl 

^3 4jb^oJlS' oL5” ^a aI2_^Ijj ^Jo ialpjJl <tJJ oLaj]g«.o.Sl 

.(15 . 2) J£jj| 

^ ^1 j c^rJl 3 _ 2 _ 3 _ 2 

^1 J-&J 4j i) C<^>U >^l C^La jJg.X.<J i ^Jo 

(1)1 «->c-> t JS"IxJJ 4j jikJl <La^lJLgJi <U>s-JL>^ . Q>— wJmD <LwJ (jljww»»L) 

Ijl^JJ f jUJI ^ LJ ^JJI jbJ^lj ^L^JI ^wOJ>- (Jj-^J 

oU^k^JJj .Ou^Jl olijad!) V4A Jl V2A 3^ 
(15 _ 2) l) * yiSbw^J 1 ) oL5 j-a a]s *^1 j_* o~~JlxJI ^-Xj 

.(16 - 2)j 



.(1988 (Schmid) a*-i) <jjlL)^UI »iiUj huU ^ i »u B >-& >J jc. ^LL* :(15-2) Ji*lB 
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.ilUJLU CjIjS j-oj AjjUajV CjLo jlauaj ^iLuj -ll^a l( 1 6—2) (J&wftfl 


£. J^bcJl jU tjil ^ Jl ^UJl J\ isU>JL 

<uJj_lJl j-woL^woJl Jajjj Ow~Jo wlxj oJjli oli Lv^-jI iajJaJwoJl 

jl j_» ( _ r JL>Jl j-jLJI .£jJJ| J-a ^LiVl S-Jj>Jl ^ 

0ULJ2 .Osj_laJw<Jl <iU>- JJ^-P Owb-o jL_*_U U 5 I jJ 

Lo-Jws-J tjlia-a'yi J 2 jJL^ J_^_P JljJj 0 j_A jL_*Jl 

^HpJl ^ ^i!l hjb U ^1^ OJL^O 5jjU*>n oU^Jl 

oUl ^uVl ^k~Jl ySjA (jlt>l jlip) 

j^LS^I j ^ ) a - o Jl l) ^ t t^iU^ 

«Lo j^.*,<gll ^aII d->La jJiuJl 0 ^^Jgj (^«Ajl Lw*ol>cj 
4j1 Jj>- 4-Jj_vaI J j_iJl oLajJaJwa ‘w^S' jjJ L~_*^o wbJj>Jl jj jJajJl 

Jcr- <> ‘ jL>cJl 11 .(^Lya-SN 1 <LJ JL> IjjL>o^ 

PHALK-Mont Soleil 560 kW p JliuJl 

^j-o ^-U^il Lo-S" c i^wwyaJjJl jLS* - I J_>- oJlpIj j wLy 
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jltl JU oU_j5^ J JstsJl JJLLo 

4-al_P-\Jl 4_^1 j^ C 1w\_v 2_U 4-a^lo2_^>J! 4 _oV ^_£_)1 ^LwJ^-Ul 

j-s_P ^j-a OsjJaJwoJl ciLs-SLij oli J_>“! 4_*_>-lj (j-^J . ‘Lo'^/joLli 

^jJl ^*_!l jL^Ml ^ Jj-SfL ^ tLi^a U^aJJ 
Jil Jo>l*Jl I Jjt) jU c <Lo j ygll jjLll oLa jJiLoJi aJl^Is j ^JjjJaJl 

iLoLxJl (_^JjMI jjj>-I £Sj 

t (JL>- ^1 .'y ^*3 ^iS"! Uajl ^.■^■o.yal.l I |J-A ^a <La j*-** 

St ^Xp-e-oJl 4-*^JL^^L«Jl ^1 j >^\ ^-LojJl ^J*al»*-a (1)1 ^-£’ jJb 

o\ Jl J^J ia^ikuJl o! Si! i^sr } JU dlL" JA jSl ia^Jl J 

jU ^Jlilljj c 4 j>JL?c<JI <ui-o»p *Lu! ^5 L^jLJuL I ytS 3 y <j j£z 


*_i j ji? ^ iJ j4Jl oIjJ j*»J! 4 _ 2 

JJU L'}\_>dJ <^-jL>Jl i-jljj^-S^Jl SjJJLlI 

L*>\j>JJ JL^j>Jl ^ JliLtfJl dUij ojl jj>Jl ojlj LJl5 

^J^aXu <Lo Jj>sJLaa^oJ| Sj^-LJl O^kX^^OJ O^jJ-Jl Aj^L>-| <Lu^^a 1 aaJ| ‘LaaaaO-J^JI 
Jl fcJl ^ 12 ^ U j-A OjJlaJIj Jl^j>JI ^ JiiJl oli <.Jj&J> 
j]^\) 30 K jlJLi^ oj! ^J l 3:>bJ Jolla luJl ^ 15 

oIjJ j-oJb ^aJo j! ^JL .((1 - 2) <JjJj>kJI 

^j-a 4-bj>s_lJ 300 K Sj! j>- (1)13 C 4-o y-/^^S ^jL)I 

. ^-b> b^s->c-^J! Ja-w» ^Jl ojl 4^-j^ 

^1 <i^l*-J>y 1 4-o-J Jwo^j LaJulP C 3 kl l P-bol ^ JiLljJ 

( j^-oo La 0^-vaj 4-^*^>-jL!l 1 o^L>cJJ Jo^jJI 0*\Ji£ (jLi l L^Jjj^ 
.ojl^Jl ifji ^ob ^_™o 
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oU j,b; o 11 3—lUI (TC) ix-jj : (1 _ 2) 

. JJ _jSLLJI 


TC (P,„ p ) 
(% /K) 

TC ( FF) (% /K) 

TC (/„,) 
(% /K) 

TC (V„ c ) 
(% /K) 


- 0.3619 

. 0.1265 

0.0411 

. 0.2817 

1 (*^J ajjTJI 

- 0.5035 

. 0.1642 

0.0130 

. 0.3413 

2 SjjLlI ioU 

- 0.3318 

. 0.1172 

0.0435 

. 0.2632 

1 “JjM ^"Lola 

. 0.4690 

. 0.1732 

0.0675 

. 0.3675 

2 ,Jj SjjLJI ^ 

- 0.3996 

. 0.1556 

0.0407 

. 0.2925 

3 & Sj^lJl UK. 

. 0.4397 

TC(V mp ) = 0.4752 
TC (Imp) = + 0.0372 

0.1097 

. 0.3726 

ASE- 300 -DG /50 
(SjjJJI Gabala) 

. 0.0393 




(a-Simin) 

. 0.2045 




(a-Simax) tSj-pi Vjya! 


: ASE-300-DG/50 ‘(Emery [et al.], 1996) Ojj-Mj 

. (King [et al.], 1996) 6 j>1j 

iS-> La^ l a a ay 1 ' 4 — flaa«i<gal 4b) Jj>pX*y^oJl abcxp^- ^oJl 4 — ij jiaJl <0^1 

i_3j j-laj jjAJS^aJl 4_3 j jJa) 4-jJ j ^ 1 j_«Jl 

la ii 9 oJL>-lj 4 \a a 1 pIjI J^ol j-t- ^Ja-xJ ^4jjLaj<_«Jl 

4P t <uJj>tlJ 41jIj ojl jj>- JajJLpj t 3 Jj>t» i aJa) 

1000 W/m 2 1 25 »C UJ4 Sjl y ip-ja : Lr a^\ ( 4) 

J ‘>Ji\ ijjLxll ^Sl! Uu! j^JI) 1,5 5-31 jj* iiiSJ pJLSCo 4_lij 4(i_Jj) 

. (IEC 61215 4 IEC 62145 < 60904 -1 IEC : J»Jlll J> (\l9 - 1) Jj.xi-1 
ix-jj — i L,:! V) ijjLxll ^ijjo Jla : SjjLxII J ~«- taJI (5) 

.k~, jJJ 20°C ojl j>- Sp-jij 800W/m 2 IupUJSI _lp 4 UAJU i-Ull i~UJJI !jl I^J-l 
<_9 j j-k j . 57°C ^1 42°C ,\°-i La <lxjL 4JI ^_t_oJlj . lm/s ^Lj Lp j~*j -L-w>til 

L*fiijl jjajl) IL^jLjall ^j^jaajiJI 4_3 j ^0 ^j-a jlSl «Lxilj La-J (JJL4- AjjLxll J_J(JLJI 

^JU^i) IEC 61853 4 IEC 60891 : jpJil J (tl9-1) Jj4i-I J> lJi\ ijUil ^Vl 

. (IEC 61721 
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t LJw« j o ^3 j-oJl ii (. ^ . (i^^-J ^Ijj 
C l-\^J . 1 taX^>— (ikl>Jl jiaLj) 

tOf-LA^Jl jJj JiJj t <uL*jj| OjI^>kJ| i>“jjj ^S^Jlj ( j^2S>xJi]\ (1)1^ 

Lv? j_v2_*^ j t i^-^> jj-^' J-JjjJlj 

. 4_o^_v2Jl1 jjLSL 4_LoL*Jl <lJ>L> ^ 1 SjAiJl ila_>c_x>J ^^L*/gJL3*y I 
J ^-x-JLlJl <-3j J_t bljJL^I olj_> JJiJl o j-j-j-S" (jj jJ 4_]aj>- 

jjjJl O^I-A . ijjLw*_oJl ^^2^osJl •«— 3^ 4 j5-v2_j^ C ij jL^*_oJl 

^-LaaJ 1 Ju C I? ^ 3 i*_i> j-oJl Ojl ^>cJl oU“ji iw^vj 4JLJ»U C~~J 

.Uj Jya Jl 


<tJ jjl Si oLj jJa^ll <^S jj 5 — 2 

I (3 4-Ls^I ^J j^Jg-ll 1^ (1)1 ^JL> 

oLa jJaJwoJl J 4 ^*wq*JL 1| L jUJl ^y/3JL>- ^Jj 0^1 LoJlaJ I 

^vsJjlSI oLLiJ jl Vl c. ((17 . 2) JJiJLil ^Jl) i^ajJjJJl 
^JuVl l_jLJ15sJ ^LaJjI <L>t^ jo c-otajl Lo-jj jl ii*li c-j-1? ^5 j^Jlj 
<LoJl ^3 53 _ 4^oJl ^3 21 ^Lo Jais iw^-wa^Jl .<lLaL*Jl 

. Strippel (1994)j cWilk (1994) J&\ cJ^^uJl J iuJl J 40) 



jjj j») i Jji-~3 ^jSj^aSljj s jja 3Js*^ . Jc. i. ijlK' l l I £)j y :(17-2) (J&uill 
.(1994 (Goetzberger)) (4 jHjj 4£!I S jail 
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C 0 Jwpli ^JJL>eJl ^3 ^ J-J-iJl U-^S” J^\ (j j^Cj 

iw-UaJl o-«j>u L^JbJuo OAaji ^jLLs^ j\ l^^jljlj 

i—iJLSsj g^j ^aLiJl u~uoJl Ijjk Ji* ,iojiai«Jl £>> Jjlk:! 

<LJU> iJLv? iwi-JLSCj ^\ iiLva^L t iLoL<Jl (jJj'y lj ilj^JJ i_Jle- 
oil* ^lks ^1 si j^Jl i oL^Sl c_Ju4 Jj .J5bJl LJLli 
iSUaJJ L*jJj y> sis jU*il jLojI ^]| (_£S^j Jl° i ^LobLl o j~S 

.^J y~azS yi}\ Jj jzi\ j>UiJ (Energy Pay-back Times) 

c~JU)l iJLi* JLo JL. ^1>^JI c~Jdl Jl iiU)/L 

Jl ^sj; ^Jl i (3 - 2 . 2 _ 2 ^1 J*\) .1 jkl\ (»IJ lii-L 

4Ud ^9 oJLjJL>- ol jl^lil h" jl LajI ( yS^j ti ^~S jZ ] I i_aJlSL> ^9 

J\ Lo t (4 _ 10 J\ 2 _ 10 Jj^l ^1) SJlpUJIj oUjJI 

■ oJLc-U frll) ijji (j^J 4—! J-! j~°l~~o Oji ( j» f-L-Jl ^9 k_~wa^j 

Ji» SJLjiJI (jIsLuJl ^ ldj>- <L>oj» ioj-si'Jj-iJl jr-*-* ‘ LJ Ip- 
JJO (.jJsLxJl dlL- ^ 4 S/I . (6 ) :LLaL 4 ^JSl jisluJl 

L^w)/I iJL.jiJl olt^j iV jiJl obLol^ Ji* oIjOcJIj jI^JI 
.oLjjws Jl ol jj^Loj 


US' «. i aJLSoJl jjSJ ioL^SJI iSUoJI cJ%y>y tlJU*Jl Jkul! J (6) 

JOjJ <LiI_U} i— aJL^j JyjjJ! cjIjJj^ jJU 5jjULdj (Jjiaj I^JLjuj lULUc 

s^jL>edl SSliaJI -iJyi *uiaj| jU sjc*JI ( jJaUil oJL* Jju ^ . jLJdl ^ksj t jgfl' . H j ojijJI 
Kayne, 1992 and Vallve) od _,JI ijUeJ! ^ij>J! J Js- ttUr dj& U UU 

.(1994 
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jalll clii] :(19-2) Ji£# 

Wilk Jllij) j -AJ&JSU 

.((1994) 

<cJ jil! jJaxJl 6 — 2 

CjUIjL 5 ^3 jl jj>4 l <L4 jL«J| 3jJL* J l ^3 

^ ^3 J (Green, 1995) ^i^Jl Jiji J^y^\ Ja^Jl 
5UJI aJjJ jU cdJUi .((22 _ 2) Jijjl J*\) ^y\ 
jJ lil iaii iSL^JL ikj jj* olLkll ^ j5 j, sAi! jjL!I 

jjijl) jpU^Vl (^LJlScJl jL^Vl ^ J^>" 

^j-P lj_>- SJ—jtj C~~J J^?-lj j»Uij oU jSLa jjjJaj jJLSjoJj 
■>1j» if- J « yg ^ 1 1 j— «_JL!| LjGJl (1)1 ■ j i>-jjJl 

jil jj ol jM t^J.c-1 olo-Laj (jJLsG jl j j^jJ_«Jl (_£ j^-l 

^J-Sl j La I Jj>- LjLp^ C l»La-) ^J_P 1 ^ ** 3l^-aJl 0 j_A 

^j-o -Ljj-a~U . j ll 4-J— jl 4_^>-ljl jo jjwo 
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I Jj J ,,|g ; ! Jjj-! I ^LoJajVl OLj^L>J t ^lljl <jL>t» ^yJ J jg « I I 

t^sJloJl LoL j-^5s J l ojJLaII i _jL«SL>j t <LLJ> Jl iLLs^l <ulaj) ^>..,rt>-"llj 
jls <■ A ./j i >c-a ^LJ e_i_JLSsj ( J^ JiU^Jl J>-l Cy'J ■(oLa-^JajJl j 
£_llJ)fl Jl JO: jj, V JJu^JI ojjl Jlp J.LJI OULJI 

^J.yg > (_5^-y*Jl ^3 0 Jl ^LoJl <Cy**wO-JLll L *}L>*J I (j Id t lLLI .3 <U>C_Jo Jl 

SlJ| J 21 Jl iljl J 20 Ujjj OlftliS - ^yvadl Jl 
ii«Jl J 25 Jl J-aj Jloj^JI oL-jJI LoJCu t(Sunpower iS J J 
‘U-laJ'y JjJjl J j^juj i(UNSW) Jjj tijjLx _J <uwL>J i '^Sa) 
cL*>UdJ jljl Jp Jw>JI 5 jj^ 2> JJj .((ISE) J^JLJl iiUaJl 
t L_aj*_vi I Jajl JL liJb*^ J«JL>c_«Jl jLlJl jjLj LLLJ oLajI jULij 
V iLol5 O Ji^Jl ^L~o jU cdUi Jl UlJ\ .JJVI JLJUJI J 
J>JJ 5J1 JJl oUl^lJI J^-LJI L^UJL JJjl JJ 

<L>-Ly^o JLxJ ojj jjs 1 1 oJl* .L^LiJJ (_£jl j^Jl 3 JL»_l!|j (JL jjLII 

o^USdl jj JLJLj J^-LJI L’jUJL JjLL JJ jJl o JiuJl 
JjJ cu^Jj .JLuJl J 17 Jl irJl J 15 ^ L. JaJi LJ£JI 
iioVl JslLjl JjUJl olje- ila^*>Li JJ t JLjJl JJJLxJl 

Lj^X>_*Jl j^S- ‘UPUjJl Jj -L 1 1 ( jyoLSL*j'y L JJLsJl • 

(Krauter, 1994a). 

Jit J>Li>Ll) JpUJiJ (_£ J>LL><Jl JLiiJl • 

.(jj-ij jsbji 

5 jl _J-I oL »-ji <L>c_JLi J-^_A-I ^^LLiul (_^jl jJ-I -LLa J l • 

. (Krauter, 1993c) JL-JJ l*j £ Jl 
ob <u^^«wLJl i—iLJs'yi ‘U-pL*_jJ ^jLM JJI ^ajLLsul • 

.1.5 AM ^ JiMl J JJl a^Jl 

t ^Jp <llva^a <LL»^Lw»> ^5 4*A3»- ^JyJJaj ^ • ^JtaJJa^Jl ® 
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^/2-jLiijJ.I jLjJI 4 )a .j j_) Oj- SLi jLjJI jlj 

ILL* J ^>jl ola^JjJ .<LLUall <uL>JJ 

jtjJr I jjjl obJjJ v ^ll jUJIj .Lo jl>- Jl jldl 
j*_j IS|j .ja^fl JJLaJl l .,ij il OJJJ- jl ^j-Ss-o-j 

J~ojC*Jl (j|3 t ^«^o-*zJl jJ Jj ^jS 4jJ^Xo J~o jL«o ^ldj>sJXool 

.J_^5 J_^' JL5 JJJidl ^Ai^jdl jl+JI oli 

Jp JJ-I iJL- ^aLcJ JIJI Jp objib clJJ 

jljJLoj J^jl jJ ~Li3 L (_£ j^-\ 4-^-lj U^J .4-L*~L*Jl 

objjfjJf J (aJjJl £j Jp bUspI) 0.7 V Jl 0.3 Y 
. Jl Jl Jp *L*A\ 

jljl l J £^ajj Lo UIp <LoLjJLI| SjJJLlI t_4«S\j oIJj>-j • 

OLsu jU L«jj .Jl! J l ^j-o i k . .« i iil—^o Jp o j . 1 1 

J| JlI Jl ^j^o J_^a jjJl .iS j\_*ol JJLaJl jli t <l^«Jl*JI 

Ja_*I 5_sLl J 3 ajJL^ J (Converters) o\ J>J.I 
.oljkJl 

Ji-jJl SjJli) Jlp J_,J. 5^US oL-SUJl dlki Lo Dip • 

cjjJjJlj 4 - b a >c_L.I 4 -^pLx— J oj/I Qj ^J\J c 4 a . ./g 1 1 

1 ? **yLa jli l I jJ . JjjJSnjJl OO-LaS JJij 4«/g4>^tll 4_lj>-|jJl 

Jil jjj jl (jJ-o-j JL? (_g-Co Jp Jj_p^xJl So-Li? 

.iilvail ojJLill ^yj JSL 

J~Jl jli t oJl* JULsJI CjUl^p ^wojj- jLlP*yi J Jj-Vlj 
Lo ^ Jb-lj j»lp (_5Jeo Jlp sjlJJI JJJjl iSLkll Jl JpUJVI 
^-o Jxo 4 >jLJI Jj JJ lj oJL* jjLiJl j*—3 .12:1 J| 10:1 

Loiolp r J/>lp “'—o-LJl OU-uj/l t 4 ji 3^X«J| olajij^Jl 

J 20 _ 4lJl J 10 43Ju) (Performance Ratio) «fb\ll j_* 

jiVlj 4 <! ./g .oJl 4_x_3 jJL«Jl Jl ojjLS J J-^l » j » - I (4jL«Jl 
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Lv2_>1 v — 1 c j_^L>JI o^-s^-Jl . ^_a_*_a_>J I 

^3 jJL&Jl ». > JJ (J y>- <Ls.Ls.*/a.A.^.l 1 cij^JL>cJI . Aol_> j^-SsJI o> JJLJJ 

JJJI ^ .l^Us] SALJI olv^!> Uj JiJLj tSj^U *bVl 

.llA jAJ Jj jJl oJ& 


l ^ >&J J ^Jl obji j-oJl c A-uaJL>kJ| JJcJiJl Jj J p 0->«J 

l^-A*A>o ^Jl ^t-Jl AXoJl ^3 45 — AXoJl ^3 23 jI-ULoj Jsl 

jJj . AjjL_*_J| ^y2j>ui]\ Jj J_k C^>cJ jl ol j_-JL>s_oJl 

(I- «aJJJIj JJ>dJ cjiiSCJl £.U*Jl» ^>w> jJlsIl dill! £j[>J 
JLJS/I 1000 Jl ^I^h» ^ *>>.5 MAP) 

jSIjjJJ) aJ j-2J jJI o jjJl Ak>^> Jj c Kiefer (1994) JJ ikJ^j 
. Voerman (1984) 5kJ jj (Neurather See) 

A-ajjJbjL Jl l— — A jjI A_> j-s^aJl ^^2-J l—./?->J I 

^3 12 J dJL$-> ^jL> ^-g-^ll j-JJ i— >ww%J c A^^-vaJ^jsJl 

(Jj-.^?->iJ I ^J| (J^3^ (^*Jl^ t A^*j2-sJL>kJ| J*-i_*^Jl (J^ d.«->o AXjl 
(Krauter, 1993c, a^-^I o*USl!l ^ |Ji^- a^J J-JuiJ SELLS' JLp 


. 1994b, 1996a) 

j»UajJl oU^SLJ JiSlI ^AJli^Jlj olALSJl 

4-wo-aI j^-°I ^tajj t (cjLmJLJI^ A^_*^w<*_jJl C-^Lo^JaJwJl) ^j^-vaJ^Jl 

aJLp c A*/?L>- 4 a «/3 > c iajJaJwJl jJ cJJLSsj . _Jlj iwwwa^Jl 

j! S/I .(17 . 2) JSJJl ^ J^*>Lo y* UJ J5J1, 

AjL^JI J J jJlj * Jj-Vl 0 Jfc C_iJL5i» JlA>J JJ NUl^-l JllA 

.aSUJI c3j-^ J aJsj^U £j»J j-Jo Jl 

AJLwJl^ A-o^_vsJ J-J l A-a jJaJwJl A3*>JJJ A3 ^_*_Jl ^JL> 

dUj jjL>s_Xj (1)Lj L^_*3jJ O^La^JI L^j ^%wsJ (jli C A-ol^_A>cJl 

.A^w*^o«Jl aJpJI AJ^Aj ^3 l^.A-.A>cj ^Sjji 
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<Uj y jj! 7 — 2 

wL*-i t Lo cijL>e_j| ^_l_P ^_SsJ>cJ I |ju 

LJLj Lj (20 . 2) JSLl!1 .1973 fbJ iJaJjJl cA-jVl 

ol/tf jJl ^ 2002 JJj) 2003 ^ Ip Jl 1974 ^ Ip ^ 

(1)15* c 1980 <ul LaL^-> .(SiA^cJLoJl 

^Jg-wxl a*_) ^/g.i.>cJi J 5 ->W J-H> u-" 

^^-9 t ^jp\jL>z-)\ 4_laj>- % )La ^j-Ss-w c LoLoJl ^J-Sj .(jLi-jj ejbl 

^JUaJ 1994 Jl 1990 (4 y>S\ ^iLJl Jaj^Jl 

i]|jjT ^ i aJL» 1000 _!l 

Oibjl tS^sUl dlL" J*^j .(^j -b:)ji L^ii- 2250 ^JI^JI ^ 
.oJj>*JLaJl ^Jl ^8 Oob ^Jbb2j ^JibaJl Aol^^o 



1974 1978 1982 1986 1990 1994 1998 2002 


^A> .jUJ ^ y.^ s ^ Jj>a :(20-2) JiAJI 

tiAjJlII UIAJI SJjjj .(Brauch.l997)j .(Sandler .1993) j . (Sissine *1 994):^».1 j-») UHJj «S4aU 
CW Jj-> >J -2003 fM JJ Uj- >J J> lisj .(IEA-PVPS) «M Uyl <Kj»j 

•(>»*» V (17-') J>-J jjjJIj .^LAl 4l>»4 .^jb*Vi jVy« 

Jil & >Vl SaJL*uJl oUUaJlj 

^ 2.9 j . <l>j jjJl iiUaJl dA>oV ajlsISI^J! oULLJl ^jjo 4-JL»j 
88 


V V V 


CJIS' bet ‘LjlaJVl iiUaJl jj_jbjj d->l>ol <Ljlya y> 4JUJI 
liijUJljdl Ldy 1 1990 Jl 1981 -I^pVI J v^Jl olkJl 
iilS^Jl iily^Jl y> ilJl 26.9 <jii oils' ijlidl 

. (Scheer, 1993) SjJl>oJI oliUJl 
U UaJl OL>J oJly^ lL^ do *ij t LJLJl ^ 

|»u ^ ) ^yildjl jJ- y y>^>Jl y>-i*S ^_cO ( _ j 1p oi-b-ojl 

^Jall - jjji jjJu 4.74 : 1998 J, j ‘ j_yJb 4,57 : 1997 

J^U J_£J LJLJl oU)ll .(j^JlJI ^ (6 _ I) JjJl^JI 
•d— 1 Ijjy. 51.000 ^1 J-aJ yi-dJl iplw? ^ yy~^H y-L>l*Jlj 
(jLo-P’ % yi L^dlS" (1 )^_^J l) 1 £-L-Jl 

. 4 1 <slIaJl lo Q 

<Uj yi'i yjjl (3 y~>> jykj 8 — 2 

.jjUJl Jy~ iiyioJyiJl (21 - 2) J- 5 ^ 1 a 2 -, 

d- >cj 4_>- yi-aJl oj-iLil d . . >- y» do ^ .,< g " lyLl i djLaylidaJl ^Loj_j 

ys JpOLaJl "p” yOdJl k_3 y><Jlj I4J) jUio) djLo«_s ya^i k jjs 

MW P ^1 1980 fU 3.3 MW P yo abjl ((Peak) «!jji» ^LJiS 
^Jly?- ^JLJl y y~Jl ydJl Ig-yO Jyllaj I j_a>j .2004 j»Lp 1000 
j»Ip ajLgJ y l§~wai jd yJl ojdaJl .oJl y 14 

djU* y5(Jj iLLS tils' j^Ldl |ju» jjy_ .4000 MW P dilS 2004 
(Jly \ <L«wUjJl ojjfc jU <jJ_J_4dll ojJolJl ikj>c_«J doyLo^ll 
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,/ji 1 tjsJ_>JI) LfjuJI j-lii'/lj \ j jj. rtM ^ ^jll UJI :U,_U,ull jj- :(2I-2) Ji-iH 
2000- :( Photovoltaic Insiders Report (PVIR)) CjjUijljill Jc. j*dkJ jjjij j (PV-news) 

.{2005 :(IT Power) i jjO iiH, .2004 :( Worldwalch Institute) UIU jJl .1982 


700 J\y- id jiy jii\ oU jJauJl jUJ culS 1 1973 j»lp ^ 
oit..kll it Si j»Jj>CUJ culls' ulU.5 C>Ubj ‘ Wp Jia ^S j-ujI 
jLx^li oLajiiuJl CUilSj ,4 -jLajiJI 

.1975 r U ^ W p J£J L^.T 1/^ 80 . 70 ^ C j\^S 

5 jijU UuajVl <lo oLo jJiuJI (2000 j»lp) jjs l>Jl CJ jJl 
oi_as jjiaj . W p ^jS j~a I 3_2 ^jl jZ jLx-^ili ...i 

JU Silt. (2-2) JjU>Jl .(22 _ 2) j£L)l ^ ^ jl^Sn 
.iJUJl ^hlVl cJJlSC- 

JuflLS' y^iS^yS ^Ua_> «-*■•> .rfgJJL) LSsJl! i 

y*£s>xJj <. l y?j\ <xla3 j c iolpi j c iw--wa^Jj c <L$ ji oL« jJaLo 

^3 ‘Cl^a (isUaJl \jjy>zjj 4^oLj^_SsJ| Oj JjjJl l)j 3 ^j^ 3 ) 4^-s^jVl 

.(17 _ 2) JS^JI 
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f 2003 J 1975 fit ,> <W P JS1 €) i^Sd >J j>s :<22-2) JtlSl 

<Jt J ,s J *sV*l jVjJiLi *IWI ^libJl) 2003 J 1992 fit > UUJI sjiill 

-(2005 iiUd! sl,J ys#, <2003 S*JUI Sal jjt **. : { 1 998 

iw5j*i(l <Ljj) ..A* i jaJI 4<>lj' S jlj <u^JL*Jl Jj oUl^xil 

oLv«-Jl 


iuJl ^ 21 

6^ tJL-j>i s^4) oVUarti 

AXoJl 16 ( 4»° <L-wwo»J«Jl 4-oJgj ^ 1 

StJl ^ 15 

LJUJI SUaJl dll^ oUJa: 

iuJl J 11 

oLvoJl <LoJg.n 

StJl ^ 11 

<daJ <uJfijVl 

itJl J 7 

^2^* {j* jSSl) jJgL« ^ j jJgUJl 

<cuJl 6(^Jl 

4.*/g.i.>cjwoJi 0 jwAjjJl <Zj l.At.t,]g.) 

4X<aJl ^3 4 

^ ej^ J-^ 

iiJl ^ 3 

(^Jaii jui) ^^isai js’tJi ^ 

iiJl ,y 3 

oljLi)fl JL-jI 

itJl J 3 

(tS >1) 5JL*JI J^LJl 
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4jg*J 4*. jg)*y I (,_,,,>■>/?*) Loj c^v^LoJl JJL*Jl (J^i*- 
jlS* jjkJl IIa .2002 fU ^ iuJl ^ 70 ^ ^ Jl iuJl J 11 
Lo-Lo SL*Jl <Jj 3 ^3 p—P-AJi 1 jjljLa 

Lw*>Lw*>! 4^3 1 ^Jl C 4_^^»sXJ l_) ^Jg^.) 4+1 ) jjJl <LoJgj^U 

iSyjJL ^P oL^adl ^IJlpIj . Jil (1)15* t ^woUl JjjJl ^ 

^ij •^j/9 l>ol (j j-ws-U ^™jJl L^-aL^-w*»J (1)1 ^/J t CUjIj J^Ss-JL; O^l^jl 
<ZJ Ia^ J gJll I ^^jJl jU C Jg-o j^}\ j*S* ^-^«jsJi 

.<u!p jJ& L5 JJg 

Si-bcu 4-J jilJ 11 <Lj j ,>,<g; 1 olo jJa^-o.,)! ^IsSj I (2 — 2 ) J j-L>Jl 

. LUl J ljjiJ\ 


Frantzi [et al.] 2000 

$/w p 

LBST (1995) 
(DM/W P ) 

(Mertens 1992) 
(Stacp 1995), 
(DM/Wp) 


2010 (.Ip 
lOOMW/a 

2000 (.Ip 
10 MW/a 

20 

MW/a 

5 

MW/a 

Z - 

L-jdl 

J— 11 

j *~“ 

U^Jl 





0.50 

0.58 

0.51 

OjiCwL- 
(v-U Sal.) 

- 

0.82 

1.79 

2.25 

1.37 

1.11 

0.82 

iAji 





1.00 

1.13 

0.80 

3li J\ £bll 

- 

0.44 

1.32 

2.46 

2.38 

1.48 

0.70 

J-UM ipL^ 


0.86 

0.87 

1.28 

2.62 

1.85 

1.03 

i. jkdl ^hli 

- 


1.20 

1.80 




c S_oL p ^iJLSlj 

*1.15 

2.12 

5.18 

7.79 

7.87 

6.15 

3.86 



. (p>-ji<Jl) ojJ-sg^J <Juyu 0j^ y* '* f 
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(€/kWh) .UjjSIi tils 



j yi Sjjill ^ yijS ati-..--tl Kii J.^i'il jill .'JS ; ,U-. :( 23 - 2 ) JS 2 JI 

.(1995 (Schmid) W) ^jiSn tjjbjfSll taUJl jjjjf l«jj Ji.j 

ii. 0 * w ^Ulj .(1000 kWha'nf 2 ) bjjjl i-j ^Uli g;jU Jl 
.(2000 kWha’nf 2 ) *1 ^i-Vt 

jiJl iJiibU J-JaJl oNU^. (2 . 23) JSLiJl JLiJ 
. ‘L-idJcJl iillaJl Jjjjj oLjJLu ijjlio 


4jt2jl I 

(PV *Lijjp * ! j_aJ I (3^-^ cl 

itJl ^ 58 
iuJl ^ 32 
J1 
itJl J 3 


U 4 <ul?dl ^Lol ^jjr> 

P. D. Maycock) : £_>- ^-.Jl) 

(2003 t market update) 

oljjlJl i-bc» o^SLL*> • 
(_pW o ® 
j\ i Lti; • 

is>l • 
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LJLaJl _ <3 ^Jl «Lj j.^'A jiJl <Ly> j£>t . Jl c-'l~ul~~)l 

Jlioi" 

<L» ^j-Li c SiAj>cJL«Jl o^Lil 1 j 1L) ^1 p-j j^jA 

,L^Jl ^ <*L- /olj^JL5 Jjf ^ oIjul^. L.^-, ^US/I 

. Jjjjl / d)L*^wO ^XLa 4^a^o»xJl ^3 4j^A>e«oJl 4 -o^v^J^_aJ1 

^3 I J_>- L>c_>“lj o3Jl>«jl<>JI 4^sjl_}j_^_5sJl iiUaJl JlJ jJ ^ijJl <1)15" 

J%-J SjJJLlI ObLj i£^ b» t^LjjJl o^j-^c-a Jl_>c-a 

^-vsLJl JuL*_!l (^Jla ^Lp 5jLw-» JSJ a_l<JI ^ 30 jIjla*-> L^_™^jJ 
d--i-lj LJLoJl ^3 ^lu^Jl ojta\J jJ 

.((JIjJI J J & I icjl JuS'txJL C2004 ^Ip ^ 16629 MW 

j_a3 c aJ d-o L5" LfUi'L <l2jLw%JI 4_o j.,,^.:.! ^_aJ! o V 

f-LXj! ^3 iSw^Jl oL^Ip ^Jl <U_**jJlj) 4^_LAlJl oj_A C^wLAj 
l) 1 t j^yg^J ^3 C-AA^ 1000 _J f-lj 

i ^-A^aL? ^J-5b^o d^J2jji L^_J j\ C iotf dx-LI^ jjjJl j>UkJl 

^jJI J^ .(^>^iJl oU^JauJU v^JL) ColiJl ^JUaJl 

iJL>Jl oJ-A ^3 4_la_>c-<>Jl ciDLa C Ja_A3 ojJjJLoJl 4JQ2 JI JjULo 

ijii jji 5JU3 j^Ia>cJIj 4**^7 ^Lp 1 

30 _ 25 ^JL-Jl I4J ^^jJl j-**Jl J-alS* ^^Ip Sjw\iJl a!a>s» 3j3 
^j-o l)| Lo-S" .<L*^AXj 4-lfl->c^oJ I dULo 4-]g-^l cj^l ,*JL> 

. 4^lAl]|j <LAlicJl ^3 oL^>u ^ j O^l iJl ^_>LvA» ^ — aLi>c^3 

J-uLJ ^ c2003 ^Lp 1999 j-^i /^bJ I OjjIS^ ( j- a bJj 

JJU* vrl^i luj IsJlL* 100000 J v^Lil 

.^Ual 65700 ^bo ^Jj 345.5 MW 
O-A— <Jl fj* 2-*-j O— al_i t o!>LpI Sjj-S'Jl^JI d-L_l— ^ 

JillaJl olj^L-o ^jja ^t5sJl I? x */? cj*J oU j5b>Jl j 
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<Lj j . b lljjj] I kWh J-S'J JJJi 1-1 y>^i £-3Jj l 

£■ ^LstJl (I^L j^£}\ o jjli» ,<L^«zJL> aJ 

/jL~J ^ «oiJL^JL<JI iiUaJl OjJli* -; ‘(JlJuJL^I ^ 1991 

OjJU» 2004 ^Jj Lo^S^JI J_J ^ 2000 Jj^T 

J£J 0.574 ^1 0.454 ^ L. £j\ \ jZ jIjl. 1 oljy^ 

I t_~~s<a^j) c-~s^l!l £jjj j«-«- tkWh 

jji J-OJ (30 kW p C~^7 5_JJ— U-lijI J 1 30 kW p J jJ 


SJu J*^J .JLJI J 300 MW P Jl Liu! J> ^j\j 

ioj-^al!jjl!l «L*-Jl v2~>- jJUll ^3 oJjl^Jl UUl C-jsmwsI t Oj.ygi 

( _ r Lc- (jjj-ixj j! Ij-?- J-«-Xj><L^JI ^>J 1<LL~J| l 3 ; ; - S> '~j j»-j l _yJl 
.2006 j»Lp ‘Lo j ^ IjiJl <-J_*jL!I SAil^Jl tbibLJl 

^jAOS>- j»j l<UllScJl ^jJl^AP-u Cj\f-\j>-\ Ivijl j»Jul!l 

• 4J™Jl ^3 4JUJI ^3 5 j|jJl«j <L$ j-^aJ jJlU 
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J*—ll JJJslI 1 - 3 

d-> U jJL^w-q-I I > j^xlj <UjL> o^dJLlI J-J ^_) (ji £■ ^JL) 

4-/sL>hjj t 0^><J ol ^>cj xiUS £>> iiUaJl dll t <upU_^I 

-Ul~Jl JL>JI j-&j ~ j_J ^l!1 c~3j Lh1x>>l» i JJaJl c~sj Oj-S^j LoJ-Lp 

j»UajJl jL$j»- iilvij *— 1 IJl^J . jL^-*yi ^JlpI ^jS |JL>- 

3 ) J& j \) / l y>^. 1 ! jt-SonJ * 4jUaj bj&i 

i — ^>o I t 22 JLa J-£>- ^l ; ~>-'yi j*Jo t jL^-Vl i — J-C-l ^jSj .((1 - 

j-iLxJl jLJl J (_^5U (Inverter) t _ r »Sl& JL-*^<I 

jLdl ^1 ^jAdl j^rj ^jJJl y> gJlJl (DC) 

.^jlkJl (AC) 



. jj JUI jUJI JUxS! j uij^j jW t* Jii*“ j—iljs <»Uiil Kli^ . i :(l-3) J£<i!l 
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jLjJI 4 :; lgi ^ SLp ^ dJJS IJl>- aL? : ^ J l S^jjJaJl 

(Hz60 jl Hz 50) ^ ^uJl jLJJ ^ jlkJl a* ^JL j \j\ /z ^LJl 
1 -La l)I Nl .^iJaivv*^ s oL~S1p oJ^j>-1 ^1 Jj>*lLwoI ^p 

^-^3 4-Jl_P o C jI_> ^JL-^ 3 c5^Ji ^ ^JLoJl jLjlU Jjjj>t^Jl 

ju^Sn ol ^ij i^Sii oi^^Ji 

.^Ol jJl OljUM £3 L^Lwg»cJl 

aIJi^J ^ ^^IkJl Ji^JJ J^SlI Si^iaJl 

.(Li jj>^i <uJi oL-^Ip Jl^pJJ yLyg Jl y>~ o ^ j 2 j oL-^Ip 

oL^LJI ^ JJI ol~5LJl ^ £yJl II 4 J oj_JLdl oL^ 

.LJIp (Jljj ")} ^^2 dl!i £«J t AlJalw-uJl 

((ojljjJl ol~5l*Jl» L* fJuk^J CUJL5 cJjLJI ^ 

Jw?yJl pJL> coL~S'l*Jl dJJj . (Rotating Inverters) 
4 JL ^JgJl o-La .22 ^LjJL ^jwo-xj -AJ ^-o-> ^LwlJlj ^jwo-xj jjj 

4JLOj 6P-LjJ_^J| (1)1 tl-A_>- |*_pL) 22 j-i ^J-P (J ^-yg— >c_ll ^z^JLi 

^ O-bxj LaJlP ^xJl d)| U5 (Lmo 

^4_v2-wJl ^L**ul )) ^^a oL~5l*Jl cijwL>-'y 1 <l^l5jl11 

jLjJI jiij tliA . (PWM) (Pulse Width Modulation) 

4yg**ll J^ISJ (1 )jSo Cl^>o ( Lv2-0 ^j5sj) 0 ^w23 ^LJya j 0 j— iL^oJl 
^Lw%ul <CUfr> |%Jo^ . y_J ^IkJl ^->cJl ^AJi>cJl ^ ^JJ L>^L-*wfl 

LjjLw-wa (1 )j_SLj l ^ a > 4 _aj jJaJL Lyijl L-JlxJl 4 _v2_jJI 

jl^_>- 5Ja-M-lj_) ^1? ^ ^ 11 J5 LjJJ ^JLJl ^JLJL^I ^ 

1 Jj>“ Uiy ^UJI iJlA ( ^y0 £jU*J| (l)jSo t jl!l . ^_5\j>tl]l 
.(<&<Jl ^3 96 ( *JlJ) L^*-vJ LJIp OP-Ia^jJ ^\j 

aSwJJl oL^lp 2-3 

LiLkJl 2j2 Jjo ^Jco t L-o J^ll Jjjjl ioJaJ'yi ^ 
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t jJl Ljjji ^ . 4_*-^o>-OJl <UpL*0^>\J 4 _J-o2j2_I| J 4^osj«J| ol j+J*sS\ 

^Jl jj>o ^ 1 _pI c^vaJl (J^b»- l^liol j*Ju (_ 5 ^^ 4^l*O^I Ja^» jJla 

i-Jiftl dJUb cIl^Jj .^LoJJ dUj ^ JUj! ^ Jl 

<J^b>- Jlo^S I Aj jJjJ (jJ_bj iSUaJJ <^315* ^Jj>cJ oj_g_>“lo 4-0 j J « 1 jjjJl 
<>* oii^' Cfji .Sylvia ^ jl ijJj Lfj ^1 ol jlai\ 

<y ‘kji U5 C ^-oJl < ^J>oll ls4? y^>-) bR^ ^Iboll J 

jl 4-os 4SboJl c Ijl^J . SjJ ^L oJl 4 JU 2 JI o_i-J L5 sj 

l*jo c JjuJLj c JjIjJI ^bo^l ol ^13 4 iU 2 .ll (1 )J- 1^3 ^o j^-bxS* 

Jw^_*o!j . 4-o j-oill jjjJl 0 jjjJl J-J jj jj j\j£j')l I ol j?3 (J^b>- L^bs*-! 

jJ ^^J l ^jLJI j-j^LwoJl ^bUl Jj^>cj iw^>tj c 4^oJl f^\ jjb>eJl 4 -J-^p 

. 4-os I 4^oJl o^blloU Uts^ 55 yLa jLo ^Jl j. */? z] ^Ji}\ 

^o>Jl oU t4jLAOw<Jl oJabSll oL~5Lp £y» (J ^-JjJl Jls- 

Jj |*-^>o!l obi aIaa» J Jfl^j ^ 4-jJI ^LwvJl l5^~ 

J^^%u 4^*-OlJ 4-o I j 43^b-$«Jl O I • £ ^^''“*'U I 

JJooll JJ l^l> dlb ^ oLJUJl o! Sfl cW 

tljL^J .4 _Ox_qJ| 4_^_-_JLU ( jo^wL>c-<>Jl 33 jjJlj JL^J>bJ| £-« l ^ « « C Xo J 

^Jbo^Jl jJUL? ^ cJJoJ JJJl JaJU ojl^i^JI oLJbJl 

4 «« ^ 7 ^Jo t4_SboJlo Jfloj J^l *Ij 3J-I 4-1 L>- .4_lotO*o»Jl 4-oJao^J 

CO jJoll olo jJLo 5 ^-l_P J^La>c_U 4j jL^-oJl ^w 02 _I lo 4-»-a ^-o-^Jl ^J_3l ^-^Jl 
£Ly\ jJ C^^oLjl ^ .4^X-o 5jX>- jLJlj ^->Jl 4Olj-0j 

Sfl c^^S^lll JaiJI oLJU Jlp oJUlil o^JlO Jlkp! o'yu ^ 
• I JLs>- 0 j^oos L^jb oi> j j-jL>cJl 03 jJl 40i!l ol 


(UUl JL.) JjjJ! ^ JUJuJl ^ Vj^' i^Jl OU C^k^il oljU^!il UJ. (1) 

Vrjji ^ jiSn Jp ai ^ 15 ojju>. ^ isLUi Jl a^jiJi ^ c uji > s^u 

.aoJJ O-oMl 
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^3 ^J-C- ojiLaJl oL~5l_>Jl jj-o 1 ait ^Ij-j'^l 

. JeU~«J I j ( JwtJl Jaj^J i ; Ji-ixJl 

c_-JL*Jl ^3 l^a I I o j ~ 'x aj3 1 ' cJL^u^-Vl (jl ^j-a jt-t'JL) 

ba JL. IjLj cJiko- ioUJl LiL^I 5j^-S/l j! S/I I _JLJl jLdJ 
oLJJaJ^J j .60 Hz J 50 Hz aa^j 230V J 115 V JL^>^ 
oiU J-iiJ C 10 kW ^1 3 kW ^J. ^JlpSI JLjL^+SJI SjJlUI 
.(Tree-Phase) jJaJl J*>L a jj> jLJ j»Uai 



.(kWh) taui Jit j (Maximum-Power-Point Tracker (MPPT)) lS » .pH 


<LSL^ _xJl oLlsL^- £jJ» 4_«_L1j>c_«_! I Q —a J_jJ_*J| jjjlj 

Loj jLedJ I ^ .*xp <L£j J» k_— ~>o oJlaj JJl 

o'yjj>t» <lg .^lj-)) ‘LSjzJl ^jLlLsJI jLvajij'y L c-j15 IS) 

L^.Jj>JL~J ^Jl <LJj^l5\J^/l iiUaJl l J C <LjL)j-^-5 

Jl j! iGTO j^i^JI Jl jl t (Thyristor) j^i~ajidl) 
j\ tMOS-FET SjJUsJl j^JIJ j! t L-.ball ^lii 
«Lo j -/! ~ 1 ji ojjJi oliaj>tx>J ‘LoJ'iLoJl Jjj-ojJl ^-a\ jj Aj^Sjj .(IGBT 
ULL* lOO.OOOj 1.000 Jl ^Lj JL.) ^U^Sl •!*. 
La ^j \ olillaj 5 ji\ ji» ojjt aiSjzJl cjLJL>- oti t ( ( ^>L>J*ill 

. 5 kW Jl 0.6 kW ^ 
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J^aXu SJ^>-xl^<Jl o j£d\ 

jLjJI <t^-_JLl 50 j\ 60 Hz ^^y>- 5$ Ji 4 yg a\ 1 1 fj z •* *'^ ~ (j JL>c_> 
Ji> J 1 ^' (_> </> JjVl 5>iJl i«jlJl 

ms J5 j! <. 50 Hz jj^iJLJ (ms) iJtt J*> 10 J- 5 ') o- 5 ^ 

SjJiiJl iLk^ ^ gyUJl j-^L-oJl jLjJl! (60 Hz 33 ydU 8.33 
a^.o. S i jLjJI ^_la_3j dUS j_*_j ^jl> .<LJ j> «,<g ~ 1 j-iJl 

dl5^)fl jJii Ljli. oU^JlJ gjUl J*l£iJl (L^lJ 

^jl> .((3-3) JiCjJl Jaj\) L^-L.i>J c-j jJJa^Jl ^~>Jl io-Jjl *jilSC<J 
2 ^Ul ^ajJl iS y^i-3 c (10 — 100 kHz) JLp 55jZj <uAjJI 

. 4.yg.j.>cJwoJ 1 ^j| j! ja \ ^C-Jd CJ L/g. jJ i 

.4Sw)LU 4»u5*J2^sJl c_i j jJaJl iw^>u j jJaJlj J . Jl JjJ-xj l. 

(J**^2j3j l)I I .«->&-) d—ilixj i^Li 

jl c-^>cj t J^S\JL>j .jjJJI jLjJI 

: oUkuJl 

.(« jLxJl jJ-s^®) jLllI • 

l^J ^o-*^o ^ ijJ a^-LJI ^toLJaJl cjLJisI L/ gj o ® 

t0838 VDE) ^oUil ik-l* sUmII iJlJLiVl ^1 jjl^si jl 
jLdJ SJL*- ^ ^JikS ^Ij t (SVi» 60555 EN 

^ J j ^JL>d1 jLJl jj Is ll ^3 (_J ^3 jiljJS j^_^j j/ 1 ® 

^Ij <SLjJl ilplidl SjJlaJI jIjJjI ^pliJ <SLjJl 

. . 2 1 j L 1 4 jL^* , £ <L3L^| CljLj^P taX3 

l j~£s- {j£- Jlc- 33 jj jl t 3 jJLji -'-f : r) iJL>- (_/ • 

( J.,igii>i jl > ^ (iJjlj-^Jl <JUa£-l jl c ^ jIj3 j-gt j\ t <L« iaill 

.(Jl J5jL> iSjjjl <5jjJl jjSU- 
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4 J Lo LJIp c 4_S\_*_*^Jl |>_Ssj>c_iJl c-> JLJ^J ® 
Jp L^-S* 4 4^*_*lJl ^Jg-wxl c-^> jJg-*,! 1 ?-} Si I 4 AiUaJl 

.iSL^Jl J«p ^ S/T oljUVl 

aJl»oJ| ^j^ajL./g i^_*^u>o IJLw^- jll <LJ jiaJl OjLaI! 4JL^ • 

ojwLaJI ^Jg.tfjJ v sjLaSj* a]s^j\ jj c f-bJI ^3 jJ j^JJ 

.Sfc. (MPPT) ^J^!l 

jLf>- jp i^Ul 100 Hz Jllp 4 *>lia) JJ-ail Jifi-I oLUj • 
(ai 3 ^ Jit) 4^1^ j^: jl ^ (^U-Sfl j>Jl 

OjdJjJl 4_]g_j3_) Lo ^_9 ^^%wo-*xJl AJ ^ll ^Lo^mAJ lLU.5^ 

. 4 J ^ j-^aiJl 

ol>j3 jj-p ^vvw<>-jJl jJ ^ ll 4 1? **\j-> ^> 1 jJI c JlSIjJI • 

Nl 4 4_>- j-liil 0 jj \ jjl cJj j-k ^ 4_-_> jjJl 4 y3> Ojl j_A- 1 

.Jlkpl (JJ cS^Jd 

^ l^i JJ uijil ojJlaJI jbJL^ ^ JljIjJI ^JA u>jjk J • 

3 ^jIjJI a^_>- j-2**-* jy«/2S*S ^-aJI <aJ ^ ll 4-]g.tf-> ^>- y>-j 

Oj-XxJl (1) ^5 vj La.»Up (1)1 .4^-^xill 

I j_a j^->/?-^.l ^_ aJ1 .-LI^-o-U <U*^[I OjAjjJl J-9 1 

4^U^)/1 *bi! ^ 4 ((27-7) JS^Jl ^1) j^Sclo ^p j£jio 

.^LsJl ^U- JSlj JJ Ji> iJUJl 

(^^LjLa_! JL_)l tai_l ^ll 4_la_^»i j-) 4_^_^_J^Jl ^^S'Lp >-A_j^^_j V— «-^ ® 

^UJI ^Jcu ol v^rj .(SVLo ,U.I ^) <5 LjJ| ^ 

U5 4 4y3>i>cjil 4*pl*»J>^/| CjL JJP 4-1 j ^ *~> J JJ 

4^jJ^-I 4^j ^a!| 4-oJg.> ^ i . jJ£~***J* JSv^Xo Jo-XJ (1)1 La^ 

U5 4 50 W /m 4 ^pL^w»>J «a^p 4^^_jwJl JJ 4_1 

SjJJjJl ^y> 5_dl ^3 10 jj^p 4_dl ^3 90 U&jjJ oUL is 

.'Si I ^ ^UU W-NI 

o^jlxJl SJjIjJI ^ 4^^- iJ Jail ^J-lj Ji>-jJl J^Laj • 
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^OJI J ‘*^0 

JtfljJl taL^>c-Ll <u^L« (JL^-^Lw*»L> o^Lp ciiJ^ *(o 

.a^i j ^lili jaJi J 

*Ai» t®d_*Jad*-oj ^£Jl ^«jL)tx>JJ 4jL)Uail® ^jIjJL j»l^l)*^l • 

.EN 55014 jL*ll 

d . ^ >«lj c 4 ./g i >d>3 o^_^_>-'y! 4JL*-jJ.I f-Lv^ ^ ■>/? ■ ' o ^-^-> jl ® 

.4dS(~vJl (_jLil jJ Iv2jI oJ^-Vl JJidd ^lw 

^ ^j^jJI (Ji JJl <Sj_d Jj <lL?-IjJI <Jljj^5l]| Sj-LaJI oijj^ 
d~jlS" I 3 I 3 . I . b ) I <ds^^*Jl j(3l Jl! jjld J>t^ ^d*j <J j»UiJl 

jjj 4J! JjO ^j—SLxJl ^j>^b djLJLs! jdll JUJLxJl iSlda 

(<™=r <sj4i J| Jd>J ji ^1) i_£j~l ^ij J OL^-^I J Ji~l4j 
.(1i» JUI Iti- J^ oULJl Jill) Jji JJI djl d*» J jl 

J JJ Uilji ol«)i ilobJl (oUjxJl Ji*) JJJll oV^fl 
(Bearings) Jal>t^>JJ 4-da^Jl ^l^pj/l Jaj ^!UL>^ Cy*^** 3 Sj4JLll 

^3 c o3^j>- j^ieu d>jad>ji ^^i ^- aJi . dji j )i^u&*y 1 ^. ■.....) 
j-a. U5 oLiil^sJU bjJL^ £_*ij 1 519 IEEE j 929 IEEE 

.(0(1 - 3) JjdsJl J JJ 


aJu^lJI dS^v aJjll ioiaibU iJiil Jl olajdl j_jJL>- :(!)(l- 3 ) JjJlJI 

.SSLdJL 


.Jill 4^ 

4j3 JJI oUil Jl 

4 J 4 JI ^3 4.0 

£-ldl Jl dJUl 

StJl J 2.0 

^UJl Jl /p ^iUJl 

itJl J 1.5 

^jjJLsJlj (_^iL>Jl J) JL& ^jLJI 

41 JI J 0.6 

jJ^iJIj iJliJl Jl OiJ^Jlj dJliJl 

itJl J 0.3 

Jj&l j viJUl Cj* 1 
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“LLoJl 25 Jsl (1 )y£j (1)1 (_~>aJ Jl oLJLsI jjJl 
_ 1992 j IEEE 929 : £>-JJl .JjjJI J SjJ iaJJl oUil Jl 
.(2000) (Messenger [et al.]) j j JAj y>c~~y>j (IEEE 519 
iJu^LJl LJ JJl LJi/VL IEEE 519 j J-Jl 

'. j(2jl jVl) (J*4i j. jL*» Ja*j l*^ ( 45JJI 
( _pS'ljJl • -Xxp jjj VI J«-Jo ! .X^JI oLljla.itfl 

(Jl «,<g >Vl 4 L a l JLLS' JL^jJI ^j-a j_Aj ( 4-L«Jl ^3 5 jj-a jJlSI 
J El ^—><4 jj—i'LjJl jli JLJIjj c^j-a-xJl ji JJL 

.LfJl SjLiVl ( J./gi!L j»JLj <LjjJl JI4J oUJa-j>l 
J JJl ,_yaA>JI lil t\ y*> O J.S 10 J (jl e_~>o JaiJl 

JJ ^Jjl j*l 4-^«~»aVl aCLa-jJ (j-* 4£-«Jl !_£> 50 ^ Jsl jj ^-a-*Jl 
J jaJI Jai»- J^»- jlJ lijj . aVl <C*JS (j» <UaJl J 110 y* JpI 
j»Jij jl (w~>aJ (4^a_aaVl “CLa-^i ^jao 4jLaJl 92 j 4jLaJl 50 

.jjL* J*>E- jU\ ^Jai ^JUJl 
JuLijl ISI (60 Hz a>J| oli laJifVl J :.s.ijl oUJtj>l 
(60.5 Hz jJ Jl JJ j\ (59.5 Hz y* Jit Jl Ja^Jl 33 J 
,^\ w 

jLlJl jji J ll J ^c-iljJl) ojJJjJl Jalp \ 6j, La. l l Jal^-£ 

.0.85 & JL VI JJ. (Jl^JI j 
jjE> VI (J~-j : jijjuJl jLjJI “lisj J JiJJl jLJI JL>- 
jliJl ^jUJl jLJI 0-“ EjlJI J 0.5 y* jJ\ J JJl jLdl 

.^UU 

SjLpI j (Jj_*Jl j-a 4_>La_>Jl t JJ jU (jUJ Jl iij>| 
^v^jVl J«3? ^jJL) 4jla3>Jl^ ( l^_)3^_£-_j 4_Sj»J)Jl Jaju -Lx_) Js-sa5 ^iJl 
jl) ^y>yiaj jloJlj jji JJl jljl ( jJE J_y>-liaJl jjiE I J-sa’ 

j~»J j_>-Vl lw~>aj ( jLj>-Vl (_j^J .jLjC<J| (iJJi y^2> j 
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(.JUL .U^JI illiaJl jil vU>)?1 oLIkLJl jLip^I 

a* W>* 

yii\ l _ y SL2Jl Jj±j\ flkJ Vrij-^JI oWop> 1 Jb4 

(iiUaJJ iljlpj (_j j_v 2 jjJl ojJlaJI ikiJ k_JbCL«j jjJaJl 

.(2.3) J£i)l J ^ey 

oL-S'ldl ^jl 3-3 

Jad*j cdi oLvS'Ip 1-3-3 

(External- LS ^fjl_i«Jl oli oL^S'LxJl 

^^J) jj JL^ jJLvs» Jl Commutated Inverters) 

*bJI a? J 4 J r l) ■Mjj^ y 

oL^UJl y .(^liJl «^>Jl DIN 41750 jL^Jl LkJ Jiu \ j cSVi* 

<* b ■ d yj 22 jlL^l 1 JL$J>J| UUb JujJj ^JLj (. - lo . ^ 1 <L<x5\J>*JL<aJ 1 

4_k^»l ^j>-jL>tJl JjJLjJI 0- , Lw^S'L*J1 ^ * u .4_S\_«zJl 

^y~° ^1 ol 

jLjJI i^yu tJL^JLdt'yi ^jj2 ^LpI <loL^»E KjLiiJ 

.Heumann (1996) <uUI jLdJ j >'yu> j»lw? ^1 ^ ^jUl 

<SwlJl <da~djj jv^knJuJl ^y>-jL>Jl JjJ-llI j2 ^j^S’lsdl 
Ji'yi) k/akklxjl ojJLill olij al! lol .iJljJl ojJliL!l oU~kJ oils- 
oli c C2 j . ; 1 jkJ I ojJLaJl JbjjJ ‘LoJu'^ |JL>- 4 j<jLJL!I t ( 1 MW ( j^o 
.duJ^Sfl LxiJl ^ jHiJl JiJuxJl oli oL^UJl 

^yli jJjd-j CjIS CjLv5"Ip 2-3-3 

V (Self-Commutated Inverters) ^yliJl JjJlJI oIS oL^UJl 
j]oj\) JjJ-xJI “uJ-o-C- Jj>-I y y>- jLp- 22 JLn -t- 4 ^- j-L* 2 » 
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ikJ* L.I J.JlJI J^r dj .(5 *>>Jl DIN 41750 jL*_Jl 

(«* — 9-Xj>- » i *— j oilp) ^ 4-J^- jJs (_$jJl iilkU jlgt>- 

t *^La) jLjJl ^ jJLa <^lJLo O^lj^) <J^J^k Cj^" 

oij .(IGBT jjJl j\ MOS-FET SjJLiJl jj^±> \ j 

iSlLJl o*%>J £|jl JlJJl JjJI oli oL-SLJl 

(_$J-a uij .^j-jkLsxjVl *>V5 J jl Jj>-Ij oL><Jl J iilkJl olisJjJ 
cJjJl J (1 MW ^ JiVl) oUL~kJl> iikcujl ojJlilll 

JSkL, Jlijt JjJI olS oL~5UJl (.Jl^iJ ^.UJI 


JUaJl £l~Jl ^ Jl Ja-j oLi'lp 3-3-3 

(*-~d ^ cS4-!l ‘^ylj-Jl Jj 4-JI ji 

IJL» J . (PWM) i*aJl ( _^. toUJl 5kJ* <b p-SUi Jl 

(Jj jk ^j-P jkjj o jJL9 (J-5LI 0*>kjL^Jl iJLP t ol™kL*Jl £-jjJl 
to ^JLflJl oj-& tj^k- fp 4 « t h « * 1 1 ^_) JJ»P j ^_^JLoJl ^k-fiJl^j s4? 

(_JjL«j AjS i-X^j>J|j jLlll oLJiiJ ^ 2jL>J 4^o 1 JjstJL^I (_£jJlj 

tiSkJlJl iko<J i«kkti«Jl oL~5l*Jl Jj .4 -ajJ| iljpl J ojLjJI 

jLpjJ 4_«_S*)La ojLj 4 k «nlj-) kjLj JjJLsiJo 4 . « 1 1 i|j_p| OjLj 

jS .,, g a. 1 ^j.ij-<>Jl J-jws jjJl (3-3) J^kxJl Jk .^-SLJl 

0 J>\$ ( J 4wiu ^^-kLp 4I 3*a i\jj a JLa i^ J •| 4 > ~-I J-9 jJ j») 

■ jjkJl 5jiU-l 0 ^ki 
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^3 S3 y>- j_Jl jLjJl jj 3~ij>cJo 

{ J^ j.*/9.>t-> 3"^ CJ lfc3>-jj ^JL>gJJ i IJl^ j .33 j^LoJl jLjJl 

■ i~~ ttU*. J»\ J* iU>Jl t(EN 60555) LS^Jl iiisll 
j\ y*\ (3-3) J-SLlJl ^ 

^>wo>- 0^5 C 3 <L*/g.i.>&JwoJ 1 djl33 ^Jl 

3 ji* J5 oUljJI 3j^ JioJ n cu-^ t l*iJi>- jtJL» n iJ ^Jl 

^ JjLaJI 3l3^j ^ j-oJl ol33 jjJ .33 jJLoJl jLjJJ 

3l3^j C 4 _v2jL>«Jw*J| ^j^Ss^Jl 0 I 33 jJ J_LPj oJ_^_>4 

^--J>cJ| jLJJ 4j| j-Sb .A*/9A >cJw<J 1 0 I 33 ^l!l jl j^o| ^Si jA oULL 

c 33^yJl l.Ax..A> j jJaJl 4 j 3L>-^/I 4S^j3! ^3 4j^A^c^Jl Sj-LfiJl 
jLJl <da^l jJj-oJI l jj> P 3 L 3 JI ^LJl jLill (j! 

.^53jJl 33 y ^jLvo 33^0 ^^>31 

,/trfOI ^SLJJI J^JI 4-3 

-ulL^Jl c~'ISL~lU j^cJI oLjw: 1-4—3 

L-j^l olSL^JL ( _ s SL^Jl Ja^JJ jl^I oLji~« 
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CrHJ c VDE/IEC Liij 

: c/ A c/ ^jL-dl 


tJjLil ^ jLi-s^aJl J-jjJj 

.^P-LyaJlj 

230/400 V 


.a-p1:.,^I1 j i_o j-ojJI iS^JLlI icjijl 

10 kY [12 kV] 

! Jg«.*» jHa J_^>- 

4_Lj jil *L>-j 1 iiLS’ ^ 4_Ss_-_*iJl ^UajJ 
.^Jlj £1^1 Jp bUlpl 

110kV[123kV] 
220 kV [245 kV] 
380 kY [420 kV] 

:JIp ^ 

tfcjjil *U-j! olS 1 ^ ^LSCjJI <Ji;V 
. SJl*j oliLl aJUJI ojJlaJI JJiij 

756 kY 

; JU- jl^>- 


olSwtJJ <Loj*l>Jl 2-4-3 

^_> oUJal^Jl d)l iw*->o a!^x^%w<>J 1 d->Lw^L*Jl 

(^j^A/gjsJl djLw^d! L> ^aLx^oJI dllj ^w*<L-*< 1 (jj^l 4jg.A»l^j 

JuljJl J_^j>cJl aIsa^Ijj «iL>jj>c-<>J I ol ^Jli!l iajLioJ tdU^j 

.(jL^JJ jy>.LLjl ^Jdl jt) ^UJI 

l$-> ^^-o-^vwoJl 3 \j <LLjJaJl Cj1j^L>cJl)1 i j ^JL> 

.0^^ ^JLoJl djL^wJLlL) CJ LamuS' L xJl ^J^“l <-Lg_>S_lJ 

U5 .L^i ^l^oJl ^ja (J j^JLoJI c_il 1 a1?a 7 j%Joj 

JSCj. ^Lp ( j^»S'l*Jl ^Jlj jLip^ I Jj*-^ 1 l^2j| iw^>o 

iLjJaJl oljjUxJJ j .^aS'LjJI JjJlJ 3 ^3 f-Ljl ^3 L/? j «/3 >■ j i 45\*JL!l 
jwL>- *Lo-s3 k_^-lj2j <1)1-3 t 4_^-w*^Jl w\_^_>J L^_) ^^o~»^w»Jl 
J_^>Jl £jA 4_LoJl ^ llOj 4_L<Jl 90 jJLoJl J_^_>Jl 
*j>Jl t VDE 160 jL^JJ U ij) -u <1) ^ <5 LaDJ l5 ^-NI 
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^jlJI iLjJaJl oLJuLJl Jl iiU^Lj .(iJjJJl ^U-Jlj Jll!l 
o «• ^ j ^H->- UAjI t ^j>JJ 

o.i_A ^j\ j-Xj .^ajJl jjJaJl J^j jZ*j* L^>j>s_5»-j ^ (^J-^Jl 

0 j>J\) ap>JI oljJj^JJ jl*>JI 2 _ 1.5 ^ 

1*5 .<lx5'LwvJI 100 _ 10 j-*Jl 

J_^J>cJl 2.5 ^jj -L^_>e_U 4j>-LL<J| oLpLaj J^y I J_>Jj>sJ 

JL^_>cJl *y>-LL*Jl ^JcdJ *w?Lj Sj^>-I JL>«*jLw*<I 

.<da^ jl<Jlj iJl*Jl olSLJi J JiVl 

oJ»%xj oliLwwo Jl *L^iCJI Ji 3-4-3 

JLJI jLJJ JLJI Jl^>JI J£ 1 1500 km jJVl oliL^JJ 

.^iJl jLJl 5kJ^ Jidl ^ ^ ol>* o^Ip <J (HVDC) 

<LoL . <LsJ^y I Cjl ^ w*^>Jl ^JJLJl 1 J_A J-l *• ki-LL ^Jj 

Lj t Jl o jl oLo'yi oliLwoj (Jjlj^Jl <jU JLJLj c iJ.Ho 

iJLrfSC Jl ojJlaU (vJaJi >^!' o J*J) Jit in jUT Jl 

(ijjjlj) Julij 4_1 _£-LLo J 5 LHj iilj-A Mj .1 ^ ■»«> d > i! j_£JwoJl 

jLlU Jl*Jl Jl^>J| jt-J -L>J . Ls< 2 jI A^s^Jali-oj J^_$" 

.ojjJax^ La j Lip I ^j5L*j j iJLj^5Jl iEllaJl ^3 in» 25 0-^ 
toiJuiJl oSH ^ J-S-Jl J» jJaJ- j-o 11000 km jli tSlL^*-Jj 
.*LiJ)fl c^>J ^ 5JLil 4500 kmj 
ik-J 6300 MW J4S «j4i Jil J JLi! <. JliJl Jp 
J 1.2 MV (±600 kV) JU*-I ^ J.LJ 1 jLxJJ JLJI J14JI 
12.6 GW ik*«Jl ja 805 km «L, LkJ^ c 1994 ^Ip JL. JjlJt 

^Jj j^At\ ^_p| AJjJ-oj jjLLjI <iia JL. ^3 i*il ^Jl <LoL»Jl 3jJi-U 

50 Hz 1 18 kV ±^j>Jl Jjjj>o j^Xj .jJjL jL>i <Xj±» ^LaiaJwo 

^ 525 kV Jl JL^I ±J_JI ^ glliJI ^ ^uJl Jl j> Jl 
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lS- 5 i j? ^ ‘ u -dj-^ j*-j j <dj>-^ r <Jl 

600 kV o-> j-<Jl Jaj>Jl 4 1? jj ^JuJl Jloc-JI JJsjJl JOoj 
^ ^LJl jLJJ Jl*Jl j^>JI ^ c600 kV ^JUI J 

iSL^Jl y I^j4j ‘ <2) 60 Hz jIsjcJI jj yJl ^1 U^jJ iikji 
^ as jJ-o j^l ^15 ^^aj t jJjLj jU-*» aSCjl! iwo 

pLyiGl flJi^-1 pj i^UVl 0) IKARUS £_$^» yj 

jLxJJ JUJI jl^>JI Jii iai- uw >J grj»* LiUJt Ji 

.((yXl - 3) J jJ^Jl) 400 kVxp 2 GW _pLJl 

LJL^I »— > jSj>- ^3 <1*3 1 jJl iJ j*#*] j-iJl SjJlSJI <Iaj>t>3 

jLjJJ Jl*Jl Jl^I JaJ ia>. cLjLJ! ^ Jl 

(jLo-ji . 2000 km ^a <U3 jJaJl cjUapx^Jl 

JJLlSI Ja j-ia_>- 1200 km J jJa t LJLJl LJLjJI 

Ls_pL*_JM oli jil-La ^1 J ■>,/? 7 jl 4 ^J_> SjLaJI i^JljJl 
200 km (JjJaj ^ jj>o J^IS* Jajj ^13 . 1 J_>- 4-JLp 
( 3 j-9 ji*“l ^JJD Jai>- 1900 km Jajj tiUi ~1 *jj c 4 -s_Lav? ^Jj 
88 j_a 4j jjw^vJl S^Ia^JI .LJLoJl I j-J>-l (J 

Ij-Aj .LwAjjil JsjjJJ 4X*Jl ^3 84 j iJLw-l ^ Jaj^iJ <\jl<>J1 


^U*J : 5JUM oJl^J liUI ly~* ^ j-SUl jLil) JUJl jl*JL1 ^ Ijl^l-I (2 ) 

pjo j ... p ‘L_>L^Jl!I 715 MW jJ yJl ol-Lp-j ^j_a <L» > a Is .*i'^j 60 Hz j>j> jJ 015 t ^J_ojlJI 

4_LvsLiJl Jjjbi-I Ja_?- jJ-P SjJLaJl *Lk_^ _ 4 _w~uL~*i t .60 Hz (Jj 

<.i.a . i fib pJ Jlis _ (50 Hz i_° j^p iSL^i) (_jl jiljlJI j (60 Hz i~* j^p iS(_i) 
iiLkJl ^ idl yj 2 i=Ji t|l ; j-iljUl it j- <.50 Hz 44^4 oI-l! jll 

. UJlI 3UJI ^ Jjjt _*JI jaiAJ lw ^SAljdl 
^p. glUl SiJjJI jli oUUJl oL^Jl tyu.1 jjjfkJ oljit : IKARUS (3) 

/J'A ^ - JjU-Sn Lp- jJ (. jl«Jl Sjljj *I~J J*J . iiUaJl 

.1995 -.jU 
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i_s® 16 4JL»Jl 12 jj-j La JJLJl “da-ml jj JjLaJl <1)1 l _5~ Jt d 

iidl ^ 1.5j J^aJl ^y> km 100 J£J iL<Jl ^ 0.5 (_SjL~j IJl»j t il*Jl 
•JLJlSSj t84.4e/kW^ Li^Jl olk>~Jl ,ii>Jl olk^ 
£ j*J\ J^LSGI t 30675 e/km ^ ^jVl J > JJkJl i 

ol) c ^1*5 ^ 1.02 

l ULJI ^\ LJL^.1 ^y> ^iU jj_^j o_^~1j 1.02 J_J_aj Jil 
4JL»Jl i ^S 30 j^>- (_gl - LJLjjl JlaJi ^j^a J^-U 0^-J-> 1.53j 

^]kj|) UUl ( J Ojj^SUl (_£ jj^Jl i 4-JlSlj ^y> JaA3 

,(j>J^JI t _ s » (6 _ I) JjwbaJl 


y J a~ij ^J\ j-iLJl jLdJ ^UJl : (v) (1-3) 

. ^j| y> 
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Cf 1 




6_*J ; 0.20 

JJJi 


J_,l_SLJl 4 JJLSL: 

0*1 ; 4.46 

jjy. 
6*1—; 4.13 

jjjj OjJj 1.63 

OjL. 2x0.17 
JJJi 

2x0.17 

JJJi 

JiJl J» jia>- v — a-J l^o 

6_*1 . 262 

^ Ijjy. 

/jjj-i 6_*L. ill 

^ /jjy. 

^ Ijjji 

4__iJlSir 

3.8 e/MWh 

3.0 e/MWh 

77 - 25 
e/MWh 

60 . 20 
e/MWh 

Jill 4_iJlsS 


U jjj 40 : y& ri 30 : JiJ! Li ^jJ! j^«JI . (Stai|3) 1996 

A- JiCJ ill J 4 SJSli Jju*j JJUI iiiSSj ‘ ^^5 49 
: JiJ! Li 1999 . 4 (ISET) S51LJI -U** 4 (Czisch, G.) 

. <£** /id! ^ 5 t S-Alla!! J-b»-aj 4 49 : [ J-Jutd! yby*j $ <c~. 25 

j .,,g - Ij-aJl iwLJLSsj jli c jLxJl JL«_* 2 l»iL) 

LoL<jJ| ^3 4d-a^-<a-*_] I ^_) j*JLj 4 - 5 *^^ 

. 0.34 e/kW.h Jl 0.2 e/kW.h ^ pJl 5 yl jiJ\ L^bl\ (.IjuLi^L 
oLa 0 I 3 4 UUI 4 - 0 jj . o z !jiJ ' pL ^L> txjJ! .iJ ^jJL) 

olj^o jj 4_™^«_2 l!I «-L> j^SUl il . 4_ a «,<g 1 1 1 ^y> J 3 I 4_iJl5cJl 

^J3l <*pL*L^ <>4-Jo f-L J-J jzi a ! ' ^3 4_*ljjill . 4^3 Ls^| 

ol^JcJl j! VJ 4 JlpI Ljkjl ol ^ itp^ 

.<L*aI Jil LpL*-i^VJ 
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iillaJl Jl ^-U^l ^ coL^Sfl ^Jlp! <y 
.LsL^S^I SSUaJl jJjj 4 J »ii (_gjJl yjJl y cSy' oljXs 

c_~>o tjjSCo^ <_ s Sl r Ul JajjJl Lg—s jj5^j ^jill ilUJl 

t l-L_«Jl ,j» ■ ■ii^^-^lj J-J ^Jl Lo 5 ^LaJl iillaJl 

; iiUaJl ,y_j>^ ^y> -L-tadl .lilj& 

y>*^ - T 

iL~J LfJ ^stui £,>Jlj cUJU) oLUSUJl : 1 _ I 
t*>ll» t(_5J_«Jl j. ./a t !l j_si>L>Jl cJ SjJl j»jl><l^Jj 

. ("Ultra-Caps" j "Gold-Caps" 5 jjL>JI oU%Jl oli olilSUl 
t <JU .l^j i*-.) oli^-jl :2 _ I 

. ( CLo-p ^^>a<wj 

^ISLJI ^1 . v 

^ ^ t (Flywheel) iilJbxJl) y>- iSUa : 1 _ » j 

.(UjL> o^JjLU oL^>-'yi 

l4_JL*Jl oLc-Li-jj'yi j^j- 9 ^jjU t j -jJ-aCi) £_*ij 4-iLia ! 2 _ U 

ojJLail -LJjh" ^ ill yd^C oU^Jlj c U~>JI oly*Jl lSlL« 

.(“Ubj ySUl 
yW*c^J' yydl - ^ 

J! ,UU ^la^SUl JJl^UI) : 1 - ^ 
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j\ c l g A* tjS 

.((Fuel Cells) ay^l L*^ JkJ_* *1^5 Jl 

U^JI SjLJJ ^L^SGl Jj^^sJl) :2 - £_ 

dJUJ oli^l ^ Jjl) L j^S \x$sr olJJji (oJj^J)/l) 

«L;jJjJ» ti~A- . (Alessandro Volta) LJ jJ jjJuL^-Jl j_* 

^ I ^ I 0 j-A (%-Sjj -(^ (Voltage) 

Js^ 

Jl yUaJl iJift ^*£11 W ixjLdJl il,>)l 

^jJ} -v >■ ^aLsA jJl ijjlJaj 4 l a ,«lj_) ^L-o^Sj ^a 

t I JL$Jj . (Electrolyte) «c~Jj _yLSU!l» SjLJ' 

4jt5Li o~~Jis (_j oLJujJI Lol .^...ig 4 :!Ij ilaj^JaJl oJa iAiLu> 
.Jails ^jJLa ( J5C>Xo Ia jSJ j»- 1— « J^ldlij Ijl>- 



^Us ^Jl -u^-S' hj^t 1 _ 4 

^4^)) LiuJ cr ^J jJl JUSa^ oLjLkj 

J^i ^ 1859 r U ^ 1 +pI^-I r * ^1 t «^L^Jl 
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iLULlI oLjlkJl t (Gaston Plante) OjJL^Lp 

c 0^3 ^3 ljj>- <La y>L-Zjl oiLpV 

_ Jl _ olkJl d\ .*Jl*Jl <*~J\ oLIk^J JiS/l Jlp 

L-j ajii jj^Ji . ji _ «UaJi j! vj t <J *«ji 

ji jj i ) I y5L>jj <ly2-g-j ^ysj . (_£ ^>-*^1 oLjUa-Jl £-jjjL> ijjULo 

l2 V ya—jl L^J ijjUa-; <U-L>- .I.L>- ‘LJLp 

.oLjUaJl 1>*A>J ^1 y«Jl J-W5 y!l> <Lol>j 

l*U* S^So 1-1-4 

( ygLs<g j J 0^_5co LoJ& Jj>-I t j tl)l*«lg 3 (jb>“ ^yg^J 

cT° t/ -V~si y y-^lj <y 

*LiI y .(H 2 S0 4 iuJl y 37 5iU) ^Li^Jl dLy^Jl y^ 

j d->ljo i (J^Pt)o C ^ <t^L^P 

olijUaj <jU IJl^Jj t^L. Jl cJj^>ll J^oj (PbS0 4 ) 
Oll^S* (J C <U i-O-P pbjl . J_OJ>cIj (1)1 jjl 

^Ug^l 0~~Sl Jl ^y4 Sy y-JLy^Jl yJaiJl ^ yU^I 
yJaJiJl J_Lp Pb) yU*j ^Ly.-Pj (y^ryJl eJaUl JL^P Pb0 2 ) 

J j_L>c_a (_$ j-g-l o j^o oLlj j_^SLJI oUj_jI iLx-jj t (i^JL^Jl 

JL*S1\ Jelidl <J3b« jJall) dJLiy£)1 y»> y.jScJ cJjy&Vl 

X*fi\ 

Pb0 2 + Pb + 2H 2 S0 4 = 2Pb S0 4 #■ 2H 2 O 

jUJl J*>Ug! 2-1-4 

jLJl ^jjo <jjLia-Jl ^»*S1 ^)Lo g— ^ LoJ-lP jLiJl (jJliaJo 

yyjjJ-^Jl JjljJl jLxJI j»yb ol ySs^j l_S“^ 

(3*Ais| j| Vl t 4 j.sIp j-~*7 jljJl (3bUg| oLL>^ . ( y><L^S > yij 
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.JljljJl <jl <Jj_) (jl ^j-Ss-o-j J-$lj jLp 

j! ojl j-Ji Jj ISj jL>tAj^\J SJjli jjo AjL)Jfil*Jl oljlxJlj 

o^Lp oLjUaJl IJlJ . ^LoJ*yLa A_> j_£j j-s3jJ ^JL> I jJ J l iw—^J 

. J-l£Jl <^-131 ^ iiJl J 90 . ajuJI J 80 J J- jUJl 

4j jLia-Jl I^Lo (1)1 ^ c_3l-Ajj ^A A^kl>Jl o ^^J2_!l^ 

J 80 Jlj^>- jl*Jl Jj^U^L lA-J objUaJl l?*^j .jl*Jl 
^LoJ aJ^aJ wU-p t. as jjo ( j->'-~*-^ <1) Ld JLJLj t ( jj >c -^l t^y 3 4-^oJl 

JUJI 3^\ £~J .J-l£)l ^^cJJl Jl IJbj A^lkJl JvaJ Jj cjUJl 

J/2j VaJCS' jLlil ya J-Aj ojll^Jl Ja*A (jU C Jj| jJl 

.ikiJl oJlA Jl AjjUaJl 

v^' oLjlkJl : iuwaJl v*>M oLjlkJl J jU)l J^l 
JUJI JjU*! aJu^ SlsUl oLjlkJl w Jit fjl* (Gel) 

(( i^j-sj>- ^ _jl 5 C1 jI_pI_a 3 JL (jl . i_aJSsJ| 

L5 .^1 jJ^L Jl Jw 5 jil Aj>&^u AjjUaJI A-*-^> ^J-^ Jo^j 

(jljLis ^jJJl (Jl O' Lyg->l V — Jj-w>cJl 0.J.J 

A*»j\jl djLjUJl ( j_ >B -^’ Jjj • < '-^l^ A^j-wJl oj_A J*J>o U C f-LoJl 
0.3 Jl 0.1 jIjUU, Jil J cUsLJl oLjlkJl ^ Sui Jil jl^ 
aJJj oU!>LpJI l; a*j o J i jJ j . jljIjJI jUJl V 

j! Sn jUj «iJU)) ic- j v^' oijjUaJi ol 2 ^ji 

^Sfl jUl % Jl % y* l aJISJ <jSl tUc^^ dili 

,a!jL*J| AjjUaJl aXoj>cIj (jl 

^1 J2SJI 3-1-4 

^xLill Jj> (Specific Gravity (SG)) ^ jjJl JiiJl 
cJ J J&y I ojj Ojli ^yJl JiiJlj .cJ Jj x5a>l 5 ji JP 
<>-ji .(1.000 kg/l <eLaj) a-Ljl 
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,^s_>c_vaj jg 1 g jli ol jJLa ^ lg *~a <l)li IJ-^Jj c Sjl jj>Jl 

c 25 °C JlLp 1.265 J\y* bj&t < 1)1 c-^jo LjlkJ Jliill ^L}\ 


u-Wi ^j-Ss-o-j .Sjl j_>Jl <L>-j3 j_*_xJL> |j_£3 <*liJS 

j-A ^^PjjJl ^aJL>cJl L y?-^>j>Jl Jl>j .4JL<w2-oJl oLj UgJ l ^^P jjJl 

1.120 J J- <^pJ JiJ J JISX ip JJl i^lkJl J . 1.835 kg/1 
(1 *LoJl iiL^j J-*_) 0 ^P^jJl ^JJLJl Jp . kg/1 

IJl&j .*L>Jl LaLoJ cjj ^iSsJ^y I 4 JL 33 <1) J 3*1 JJI 

Jo-*_> (1)1 J)J_*jJl <1)1 Nl t j»L>l jl CjLpLwo J}^_*JLvvU jJ 
oLjLkj ^j- 0 ^^-*-51 ^^pjjJl JLlJlj .1 j-JlS” aJo»*J| j-^vJ ^Jp- 
Ji (Absorption Glass Mat (AGM)) «L>-bJI ^Laio^/I S^was-)) 
cJu^- bl .^JJJ LL»p Vuj]* JsrjJ N <u! S/1 1.365 Jl J^> 

J { j- a j t IJ_>~l*j j t*^sl5" L^jj>5-^o Njl J c 3 J_> J_>- oLjllaj ^Jp 

olS j_jJl £*-**a>- (1 )V t £_>- j-^-5* ^^p jjJl JiiJl o*l ji J_j*-I 

U5 i ^p^)Jl ^JJitlJ ‘Lo^uiJl ^wL>tJLwvu 'y oLjUgJJ <Lxlva-<Jl 

^3 La^I ^_) L^-^a.) jjjlkJJ Lv3u I cj^Laxj Ji ^p^jJI ^JJLlII 

.4jlbj>c>5 *lJ>“ljj c_3 j jJg 


^p Jl Jii!l ^Ul Sbl jjfc (Hydrometer) 

^2^s>- oLjlkj Jax-oJ ^^P jjJl JJLtJl .ijjliaJl J C-Jj jJLSsJ J 

aJc^JI oLjlkJJ j 1 1.3 kg/1 Jl 1.1 J <1JJ ^Ujl 
oLjLkJI . 1.30 kg/1 Jl 1.23 JJ- 0 JJ~> 5L.LT 

Ji IJl>- 3jlJl ^IuLqJI j\ IJl>- jL>Jl ^Jjl ^3 ^|jixJL^^\J <Lx ^*,/g .oJ I 
S^lp C ilLgxJl oi-A ^3 . ^.Ax. yg I ^,/g o.>~ (^Jl ^,/g ■<>•>" Ij 
jLj ^J <Jb AjjUgJ iiUaJl 3*US* .AjjUaJl J-^ Jj SjL^^fl 
Jl &y; JLxJl ^JJl oljLJj .((2 _ 4) JSLlII Jkjl) ^JJI 

lx>u JLJLj c ajjUJJ ^w«jJ| j«o^Jl j^a" U>T t^JI ol*t aS 
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•j-aL-aj Jrtai 4_ljUaJ £Jjfluii jLj illoi JLmumCJU ALtill AjUuJl :(2"4) 

.(^>1! ,> a^-Lj 100 -J) 100 Ah *iL— ^ 12 V **-~S 

JyJL±Jl ojl j>- 4-1-4 

^50L^ ^ oLjlkJ 5^jJl jUpSII 

ojl jj>JJ . 25 °C ojl jj>Jl i^ji ^ 10 K J5G <i*j| 

ijjUaJJ (_g j «,ig ii ! I J^i^zjJl ojl y>- oL>-ji ols 1 5jjUa~U <LJl*Jl <up jil I 

j o 1 1 Ja— j^_«Jl Ja^ jJl ojl j_o— C1 j1j>-j 3 
<L?-j.> ( _ ? lJl oUL-Jal!l ( jj>t-lJl <L!LjJaJ ojl ^j>Jl As>-ji 

O * • ±5 K ^ (jr L«4 c~jC 5jIjo»JI 

laJLJl JJsS’ Aj j LkJ I 5 jl j. >- 4_>-j^ ojl j->Jl <U>-j^ 

,Jax>t*Jl J jJl ojl j>- Ljl j>- aJjpj iw^j-<Jl 

^IJJI I 5-1-4 

t o AjjUaJl (1 ) j-SCj La ^Jljjl £_j yLJl O Jj>o 

(Jjj>^1j . O-Jj jJL^J*)! I j A 1' JbpLilJl 4 j >uIj ^-^Lol ^J»SLJLjj 

ikUJJ Ia9j ( j^?L^?j J-Ju iwJLwJl kwJajsJl ( j^a ^LJl 

:V^I 
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Pb + H 2 S0 4 => PbS0 4 + H 2 
JJ Jl J™Sl ^jU c j-oJl iwJajsJl -Up 

: SjSII ikUJI ^>o Uj jJl 

2Pb0 2 + 2H 2 S0 4 => 2PbS0 4 + 2H 2 0 + 0 2 

JSL ^Jbpl Aj <La>X>zJ C ciU^ ^Jj C-Av^l 

’ ^yS/lS" (oJSsj) isXjj^S* 4JLi? Li^Jj 

Pb + Pb0 2 + 2H 2 S0 4 => 2PbS0 4 + 2H 2 0 
^3 jIp -tpL/2j ^J| ^jl«AJl ^ ^jbpLa^Jl I.J-A 

^0 j*Sl «<& l J>ljJl £-1 jjilll . cli-Ju j^ 5 sJ I { j&* <tJ>- yS y 

oljj^ ^J-P o^LjJj ((3-4) j_la_>l) ojl y>* Jl oL>ji ^LiJjl 

^Jl oLjl )a * ll ^j&\j>- J^_JL> ^w>s_v^ IJlaj .^jjjLJl / ( j->s-^Jl 
. 0 yyy*)! I ^J-P (£y>*j UwXo 

ijjLkJl oJLLp j JJ ^JJl j-a (Float Voltage) yj^\ x^>- 

JlUl j-aJI 4_taL*_oJ ^J15 jLj -Lj jjJ JaJLs pjb j_lp J c 

. 12 V JjjlkJJ 14.5 V Jl 14.2 V J\y~ y* S^Ip Jl*JI IJla j .ijlkJJ 



aJIjS 100 Ah il2 V <j..4ni (>oLua jll AjjlkJ ^i..il l ^lill :(3-4) Jiil 

.JoiuSllI ijjs. JImjII t>j 
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6—1—4 

oLjlkj cS^) oLjlkJl ^ ^y>Sj\ jl JA fJ'JL 

Ai] S/J ciL-lSCJl 1*1*- ^ L^Ijl^Lm.1 <j£*i (NiCd 
JJ-o-p)) J-J-S" LoJ-So 9{ j0 L*a jJl L y2_o->- oLjLkj ^ JUS 
ijjlkJJ T *_*Jl jwai LJl 5 (Depth of Discharge (DOD)) 

J\ >jju IJl*j .((4-4) JSLiJl >JI) 

LlLjoj^SsJl ^3 Jj^P <oL>j ciLjoj^SvJl 

.Ij_>- LJIp (^j^lU ^jLJI) PbS04 


-tSji j-s^23 o Oji> twJajdl o^ScJ 

^^j>- 4jjUa-dJ ^U^Jl t ^S'LJLqJI 0wi»& ^wLidJ 

f-J_J <La Jj>«JL~w<>Jl oLjUaJl ^3 4jL<Jl ^ 50 £-J j-Aj JJ-o-P 
j! (Starting, Lighting, and Ignition (SLI)) JL^jlJ^Ij to*Lvs>)/lj 


^1u_>sJL^*<Lj 4JLqJI ^_3 80 ^_j (J j— o — ^ cjLj jl_la_j 

^LowOiJl wL>Jj>o l-L>- >w* */? ll ^j-a c Jb- ij\ ^1-P j . <UpUy?!l oLjliaJl 

Ijl>- <LJl>JI v^JI 4 - 0 L 4 JI 

(^JajJl OoIj £-j jJ2j JULp j^>c_JL!I jLJ ^2-Aj ^ j-Aj 

wLoJL*J J^J>- (1)1 ^>- L-) jAJ (_£ jLvO 

/-/ oJ^j> 4 Jaii J-J-iJl i^Ljsj tJ_^j>Jl ( _ J J_c- 

"Solarix" t |JL» ( _ 5 L& 0 ! l^SU_> 

.LjLJl ^ Steca iS jJ> Si a~*l_^ 5>JbuJl 
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100- 



0 J . . . . 

0 1000 2000 3000 4000 5000 

yij£ ijA~a J o^. >i >. »U«I Jl-i-SU _>~S ij-liiJ :(4-4) J 1&» 

•&>* j^c. sjUj ^4 

jJ ye ( J^v5 jj j*Jo t a-J J «, <g ~ I j-gJJ CjLJ-o-C- 

- J ., ^>:! jj j»Ua_>) ^ j-ihJl 4->- jj>Jl 4-o-oiJl ^'j-L j*-j li| 

j*-pta j»UaJ j»ljj>d^l jU c jjw^Vl oUjUaJl ol J js- jJj .((j~>=-A Jjd- 5 

0^-^j (1)1 Ajjllg*!' ijl ^ L^fiiaJwo ^J»o V 

j]\ oljjliajj .J^»_*J1 ^ijjilJl <uJ_«_*Jl 4jLjiaJl 

-IJ->- ‘LJLt’ (_yA_J l ^ 1 . yg jj Lo Ijjlj 5 j^. 5dl 


iilva» i*— ; t LJUJl ^ Akku Gesellschaft US’ lUL^Jl 
260 Ah JJ ^Jl abjj ^ 1 1.22 kg/1 yS j j 12 V Jc^ 240 Ah 
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Cj’JSc . )l 7-1-4 

tPbS0 4 ol jjJu jJjlJ j_a (Sulfation) o J_$JJl 

^t-pJljj .^Ls^ Jl ijjUaJ ^-w*<Lw*» % yi ^JJl ^JlJ J~^ 

JJl *Lil ^IJVl ^Ij-*j Lg-^j j-£o Jl obujJ l)I ^j- 0 

(1) j-£-> J ^wL>cJL^*»! I J_a (1)1 1 c ^pbJl 

5^ J_p^ (>! t|Ul obo^ ^ Oljj-L) 

I Jj>- (w-^waJl .i>jUaJl cy-^ J \jojss> <LoL*J! sAJl Jl SJ *«*> 

.o J~£3\ dJj^J-Jl oJ_A J_^_P Jl 
£-j jJC Jl oIjLJ (J) 4_v2_ij> c_La oIjLjL) J-Jl <oLp O J-$\-Jl 

c2j.Jj>o^ . ^/g-o»>cJ 1 (c^LflJ^ <jjJ) JJa_j 4_>s-JLi (^JjJl 

^3 J^ tlr° ^-d J 5 ® jduJ 4jjll? Jl L>w\J*P l «/? J Jl<>-*J| 

IJ jl t jLaLS* l ^ « >c— J^» ^.JL) J ISJ t 4_P j-'S-o 4JL>- 
e-LjJ .JJLljl 4j>c_Jo <Lolp ^P" 0 j^-v2j L^g.A>c^a 

^j-P l-Jlp d-> ^S\Jl ^z^j>r.*/9j .^>e^Jl J /^ JLSljJt ^>c-jJl <ui-^P 

Cy* J^' W *JaJ' JkJ* 

8 Jl 0.5 Jl^p ijjLk) JiJ 2.5 V Jl 2.4 J jlip SjIp ols^Jl 
^J U>tjjJJ cj JScJl I J_aj .(SjjUaJl ^_>c^»- ^J_p bU^pl) A 

. Jl j^-'yi Ji*-* 


^LiJaJl ^ ^JuJ Jl c 


objUaJl £lj1 8-1-4 

t ^ J-oJl j-s_v2_aJ| jLjl ^IlXjI O l a « J 7 j t ^ J-oJl J>JaJl ^^Jj>«jJl 
t(J 2L^Jl (Jjjlj t JJaJl ^Jl ^Jlj t JUJI oUaJl oUliS'j 

Jb-A c ^Jj — 4 +,& a >eJw»J 1 <la!^J|j c 4 y? i>cJw<Jl iiLwaJlj 

^1 jj I .^^2jLv2^J| ^a> (jl AjjUaj 
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‘wjLJIScJI d)i ^*p . oU^l l l2^-*LI cjIpx^w^JI y* 
Ls/2j I Jl<±Sjkj 1_£j 1 M | C La >Ap*cJL--w<»J I 4^Sjis}\j J>l ^oJl L-*«J>5J L-*>L-ol 

0 j-^-^j c oL5 ^JJlj c L^j>-buMl 4_*_*^J| 

.(5-4) JCSJI J Ipjj ^ ^Ij coL^ . 

oljLJl oUjUaj 1-8-1-4 

La^j jJaj (SLI) (JlxUiMlj c3f-U<aMlj c p-Jj oLjUaj 

^LjM j%-o-va» oLjUaJl ^a ^'jLl ILaj .oljLwwJl ii ^>ta ^wUJ 

£^Jl 1 -La (1)1 Ml .aJLm Jl ojjjJJ lSJloJI S^^ai LJIp ojjJ 

ji jJla j L™J J^ojJl 4 jM oLjJallJ j»JL>cl^%u La LJlp 

L-^J j**,# 1 } oLjllgJl £^Jl Ijl^J .Ll j ^ > 

Ml ^ »,& 9 M I ^jjiJl jj- o-p L)J U-S* .(oljjwwa ^jl 3wL>-l j 

^ ^jjJl I -La lilj . 4JuJl ^ 50 ^^IpI Jj-SL 

( jJ>cJ^ Cj>u 4_J L>LL^>-M I *w^>o t c j-aJ-!l <j-« LLj_L 0 J^-L! oLjliaJl 
tdili <y Mju ij! (stca LjlkJl *ULM y*A) jUl ^ 
O* £° ^ * 004 ^ 

LSUaJl ^P LSlkJl j-a yl jia ^p-T jJLva^j IJLa jiL ISI oLjUaJl 

3:>IpI t cj ^^SLJl ^LJL j 1 ( j/g.^.>cJi ^1-1?^ . <Lw— wo^Jl 

3 j-j>La l^Jjsw jl & o^w23 3 jli! jU Jl (j*>U?j J^>- -UP LjUaJl 

S-U»J jiJl jJ p^Jl ^Ja^alp $-»xJl ^j-a 

jS* LjUaJJ ^ISLJl ^31 a^Lopj .^j^w^MI yZ y* 5 ^ \ 

,JaL>cJl S^IpJ (l)LwaJ I JL=>- ^1 jJMl {j*?' ^JjLlI L)M c L Ju>i-a 

LpL*aJl oLjUaJl 2-8-1-4 

oLlJadlj ^-_<1_,-J| olljJaLJ ^pLvaJl oLjLkJl 
. LjjjJl oU :: L?:L1 Lvajl ^*-aLwol J-SL^uj j->LL 4_3L*jl<>JI 

y+JJ ■ Lo ^_il (wjlJa3 1^ L>rJg.A.^wa 45Lwo-w<j ^1 ^Jl ^1 Jj>cJLw*»L ^J_3j>cJo ILa^ 
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•E V V 


^^Ss-JL 4 jg y £yJl 4 _LpLL!| 4_LlSsJ| 4_jLo->- 

^3 j j^JLa J^_JLj ^jj_-J'yi ^jjJl ^Jj>cJL^jj .4_Jll£J| j_JLAj ^^LajJ 
4->/g.A>cJwa 4 pL^ _ 0>I_9^LS\1J 03-L>c^oJl 4 jLJ15\j (jV C 4^%wo-*^Jl 


V-^JI oLjUaJI 3-8-1-4 

oljjLlaj ya oLjUa_Jl ya 4_v^l_>cJl oj_A (jLiLJil ^JL> 

.I 4 J jj^ ya 4 ^p lu^-S I oL>jLla-Jlj SLI 

<ljJsjl!I dS 4 J SLI 4_>jl_la_j 4 _aj jJ? oLjlkJl oLS* j-J> ^ lg *->3 
t<Lol*Jl SLI AjjliaJ <U^*»Lw*< % yi J_£jL*woJ|j , W*' vU 4jil^» <Ly L-a'bf I 

• (J^^“ ya L^-LLsj y^y C 4XwJl Oj^w\Jl 

.SS'La-wJ jS\ <LjI jyS* ^Uasl (jLo^l*xl 1 ” 
dJJLj l <W?l>- y»~>- y ^y oly^- <LoLy5' 2“ 

.aJlpUJI ihSsJl y 4^-Ul j^zlW J>\ j2 (J^Uj *Ju 
J s? j_y y J*JJLl!| ^JLj ciL-Lj c OwJj ySsJ^/l y y 2 jli JL*^*JLm4 3- 

^ J> O^ - ' 

y y ^y 2 _L>&ll 0^~q^JL> S )J I ya 4 ^jJus<2j 3 djLSL-Jo (JL<*_*_L*>j! 4” 

.ylJJl ^yidlj jliJl ^ j ,&a>- ^Jo ^liJjjj tdyy^/l 

4yl;.,^ll AjjUaJl 4-8-1-4 

'y 1 ^ x>. „,^> ll i 0 I 3 4 J 4ytL*2 oLjUaj (JLo-*JLmoI JJ-P 

y?L/? j}\ (j ji>^j O-Jj ySsJ^I y>^>- <1)1 <. j-z*-*-t 

0 ta\_A ^JjLa L . - - ^ ^Jo (, y L , - - ^ d-J LJwo-P ^3 . 4_^^_*»Jl 

<Lo|yk 4^_v2-a jl /j P-LoJl ‘CyJ o-slp^ ^Jl j^Uaj oLjUaJl 
■ jA<i ->J l Jjliaj 
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Ajjijajll AjluM ^3 (Jrtfl-. iIlLjUad * nuill J * - -1 '' :(5-4) 

.(([SET) w> WjljiS ■*».) wtfl 


(«SjL*s Jl V» j!) VRLA oUjUaj 5-8-1-4 

1£jU dSl^Jl lIjUjUaJI ojjk ^f > ^‘ -tip 
JLiliJl Ula LuLjLkJl .LAjI f-LJJ JLii iSLjkj 

, j\a£* e-loj ijjllaJl <CL*j oilpL iir° i^i 

^ JJjd LjjLs (. jv j*>Lo tiu_s<a^>Jl oLjllaJl J-JoZJ j*^o La-ilc-j 

*)/ )) j»Ip oLjUgJl ojjt vJl . JJLaJl Ijjk 

I? . ./> II oli jJl ® oLjliaj jl 4 -)L.yg ll 

0I4J JlSIjJI l y^JJ\ ju^p . (Valve-Regulated Lead-Acid (VRLA)) 
jljjwJI eS^ 3 i 1 ^b-vaJl oti oLjUaJl 

.oLjlkJl 0I4) *U iilbl ^jSUj V 4 iV i*~AJ fdljJl 
:ab^,Vl djU, ^jliJl IJLa ^ JJiiJJ 

j*Jo v -~>- 1 k_Jl~Jl i_dajiJl ^Jj 4 JJL 1 1 ^»-j^>Jl i_.lgg!l X*f- ^>1^1 

dL^&l J*>U- J£ .*1° Jl ^>1 5 j» *J|J29-I 
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^brjl ^LUI j] ISLL~JI J USLiiJl ijUJl olol~Jl ^p ^ 
pJu C~Jj j£S^l\ j>- i )Sj J>Jl is* J>- cJUL^I 

jjjJaJ ^JL> ^Jj . ^g-xv_>cJi O^-S^Jj Jj « lg 7 ^Ls-Lo-P Jj c L^_sLajJ 

( j_Ss-o-j (j-SsJj *L_~^-JLll olL L : U J^S\JL> VRLA oLjLkj 

<b>- AjjUaJJ d)U (j^l ^Lpj IJl^J 

<CLo^^/2-oJ ' ijjUaJl Ljw^ j I j_o-P Jww>- JlSLsZu L^JLjLw? |t-^> 

.VRLA 

oLjUaJl ^ £l/Ml 2-4 

(Nickel-Cadmium (Ni-Cd)) _ JiJJl oLjUaj 1 - 2-4 

SilpM UjU oLjUaJ Silp - JiJJl oLjUaj 

«L«Jaj , j\J 4_«_j*}Lo 0 J-S^j (1)1 jj-Ss-oj L«-? I 5— J^JJwaJ 1 

^iJl >cJ ' .iJLP oL jl la « Si oJ_g_Sj . 4_1j2JL— woJ I J) ■ b - 1 

: Jl Ajjliaj ^ 

ji ^ oLjik & Jp! iiu* ats i*j • 
j*->J-l (Ji ^-S-^-l J-aSJ- jJ'-o-J (j-^-d * 

.JjIjJI 

.Sjij i!bu ^S\ • 

.<vii>ijil 5 J ji-\ i>-j.s -Up jllf *tal IJ • 

.iJL*Jl ol jldJ j 4-l>-l.5 <LojULo Ij • 

.(“'JUS'S 30 Jl j>- Jj) |JL>- (JIp l^Ju jJJjj ® 

■ £^jJlJl *hj| L~— J Jp Jail^ • 

.AjzA>C*a rtjLwS oLlkla Ij • 

oLjLLlj ^ tsjL^Jl ^ U hJ oLjLkJl oJlJ of Ml 

I^UsJI 
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y> Jp! SjIp • 

. (ai ,y 75) Jit iilio obbS' I 4 J • 

JalSGL Vfrxj jj£ ^ j J} JjjUiJl ^1 li| • 

_ #S ^5ljJl jjolj# _j b j-*j) L^x*-» Lji L# t j j£sj> JSbio 

.(,_^U^ j)l LjlkJ ibia ^ 

V LjUaJl jl ^ AS’lxJl j^il ^y> Ib^Jj to jJai»- oib j»^~olSb!l • 
I4J j-o-*Jl -L*_; La^jJJ 0il_pl Jj If^-* j^Jo 

.(JbjC~n*}VJ 

JjjJ-ji — J^Jl CjLjUsj 2—2—4 

objlkj JL. ^ (Nickel-Hydride (Ni-MH) objlkJl oIa 
A jj-A-wft C'i b 9 LfJ 1 b 9 bl Jj t ^-wOLS" _ 

! <U^_«J| ^yajlvabJl ^yix*i l^J j 1 . 1 * j 

_ JSbjJl objUaj ^j-P “bll 50 jljJLoj Jpl “bjl j t>- ^-*-“0 1^-1 ® 

. j^iLS" 

.^j^ol^Jl {y> j-iSC ojjJai- Jil c_JaJi!l ibb • 

.* Jails' - JSbJl oLjUaJ dJUb Jit I 4 J 5 /UJI * 

b! Si} t j~S (_yli £dj JJ "’ tJdjw objUaJl o-l^J bl5 t J(jbvJl 

1 4o.^o.ll <e>c-iij .il5bb«Jl oJla oJlU ^bJbll ijj^b 

j»^~ol5 _ JSbjJl ijjUaj J>t» Jt>o jis oLjllgJl ^0 IJL* <L)b 
.JljJI (jJuJl J> 

^ ^JbDl objUaj 3—2—4 

^ydJl LJLp (Lithium-Ion (Li-Ion)) oLjlkJl ^IjjSlI oJL* 

! <U^«J| ^y3- jlva>Jl IgJ ol bM 1 1 Jj>- 
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.HU Jilt iili* I4J • 
ii >JI Sjl js- hrji Aip HI J> 95 oll» S^liS) HU S*U5 I4J • 
.(60 °C 

^ 90 JLXp J Jaj iilkJl oa-laS jli i-10°C ojl j>- H-j.s .Up • 

. (Kuhmann [et al.] (2000)) Ju\) HI 
H.I ^3 4 H.I ^ 2 (JjL*_«_> ^/g a ptUpj (jli jjC (JjL)t» • 
. 60 °C j 25 °C ^4-i 

.|jj>- <U*2ji>ull ajl .Up ® 

^,fg i >UaJ I U^aOJ p jUJJI 0 1 (OLjUaj *U-^l*~a>cj ^5j*iUjl ^Uj 

.ijjllaJl <u!p! 4>ta>.U H^iI^j JljIjJI j 


(Nickel-Iron (Ni-Fe)) -U_b>- _ JiHJl oLjliaj 4-2-4 

<5 . ^ oti HL^Jl LjUJl f JLki-J 

£-0 5^ jjlll t_S j-/a k_~^<ljj ^ (-bwa^a) 3_jJlj l C~Jj jXSjlS’ jJl 

^liapjl i'y ^jjJl k i 6 Ip-gfli 3 jj\S j c Hpli Uj Jj>- oiLa 

.Hu^Sfl «jj— jil Lii-» ^ ojiAj .iipli J5(J 5 jU ^0 JiCJL 

lOl^Jl 


■ HiiLiUo HJlSlj • 
.(ojji 3.000) H^jg <UU>J jHpl • 

,(5ill ^ 55 SjIp) HH>u< > isUa Sf-LiS’ • 
.( JSO HI ^ 45 oilp) jljJl £>yHJ IJl>- JIp Jjl*» • 
.HJJ JIp • 

.(40 °C Jl 0 °C) Sjl >1 Hjjd jjJL^ ^Jlo • 

•r**- ^ J 2 • 
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.<Ulp SJli-li AajUla • 

yS- J~S yJ)\Jl>cj\ iJUJl <uii>-ljJl iojUUJl 

jJCa ^jUJl Jl^l j! J*A Uj Uaj .OUjlkJJ J\ Jlj| _jJl 
oU^Lo :^| oLjlkJl ^ ^JLjj J-*^Jl ^ 
j*_j lilj j— JcJl |j_a> ijl i— ' S TH. 5jJ_«J| 

(Ji jLjJL j h 

JL^j>Jl i_jJuJli!| IJLa l .,.3^1 /t-C-JLj <jl Lg-ili o j_JiL *ja ijjUa_Jl 
^ 25 i., i . -,<g . .<i £>j-il!lj ^jJLsJl J-LaJl .jl y^>\ (^1 jji 

^1 c ljJ\n ^1 iJuJl ^ 40 ^1 ii-Jl 

AiOaJl 


CjIjjUsJI ^1 ^j! 5 jjIa4 5—2—4 

.ObjUaJl yA <u]h?btjl Sjjl &A I (l _ 4) JjJjJl 
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( Batterien «S-S jiJI ^ ohjlLJI)) : (J. Garche and P. Harnisch) : ^1 jll 

. (L.1999 <.{Photovoltaik) .(J. Schmid) : iin PV-Analgen) 

{ Impacts of EV « SiUlj S-Sb^fSCJl oljU !l oLjLkj ol^b# . Gaines) 

(Technical Women’s cl J SjJ_J . Battery Production and Recycling) 

. (L.S-L-J.! oLVjJ! t 1 1996 .30 - 29 /6l~J .Symposium) 

LsL^SOl oljU_JI oLjUaj Jp islkll j LlJ! oljjbJD) .Gaines and M. Sigh) 
{Energy and Environmental Impacts of EV Battery Production and SiLtlj 

Total Life Cycle j-C}-* l _j_i J .951865 |*_SjSAE 5_5jj . Recycling) 

.JjLoj .1995 .19 - 16 /JjSH <^-17 .1 »jJl .h_J .Conference 

5-oJ_2jdl 0_j_ j! oLjl 1 j ;» t(T. Brohm, M. Maul, E. Nesissner) 

iSjJi . {Advanced Lithium-Ion Batteries for Electric Vehicles) oljL— JJ 

,'wU? .^.UJLS' 65779 .jijkJlj .LU/hfl .VARTA cphjlkj 

a y ^1 3-4 

3 1-3-4 

^1 (Fuel Cell) ijijJl iJU*- iL-L-t 

biJJ lils ljr ~S JJoJ ^ 

• jJ_^ l^U j JO L*5jSj 

aJj- jj-SbG 

( j_— jLj j_g_SsJl . . k e ll JU>-I I j-»-j .C~Jj jJLSsJ) 

.ojIjP-j t «-Uj t jJ jLJ t c_Jai!l 
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C <U_L>cJl ^ jj I ^ jJ j ^JL> 

j-o ^jijJi s lJj>- (f-ij-^Ji ji) 

J jj jjj oji t o jbb>- o^U JJj ji? jP .( Ja^fJl) 

OjjjjJl j^-iJ oljLvwwa ^JJI c 

j^s-o-j Jw2_Al>s jLJ j_$\Jo oUj ^ j-Aj . O-J J jILlsJVl (J*)li>- 
j3*-l 0 ^ oUj .$j*J (1)1 4 JLo-^1*^1 

• ^ '■(JJrr J> or^^J 

(b jJ jJl o^Lp^ )) obi ^Jp (^kJl ^ j3 jJl <L^L>“ j>Uaj 

jliJl y _ iyj <j\ y ysrjjJ- 4 JI ol jZUj 

wLoJL^j ^ ji jJl <lA>- (1)1 L*JJ ^X>“J C (J jjbwwgJl 

oj^UJl oUUJ^I jU cJlj^Nl Jlp ^U^JI JpLdl Jlp 
otfU-j^ I ( j^a j~^{ J^l O J-^> (1)1 (j- 0 j- 5 

ji jil (^1 ^A*-l C^LX<>P I*_J2 Jfijl Oj^lyg-lj 

Ajijll L*>U ^1 2-3-4 

lLLjjjL^» j&II ^ya^>- 1— 2 — 3 — 4 

i^Ul ^ l^jjJaJ jJl/VI j_a ^jJI L^U- ^ ^jjJl IJla 

t oLo^JL^Jl JJLa <b~L*JL« oULJaj jt-Xjj ,ijjL>«jJl 

t c <La-^JL^-oJ1 ^jL-_^-J1j l i ^-3 j-Pj 

,<U3jJaJl oljUa-oJl olk>mj c 4_*_>a j_o_*Jl Jj_3l jkJJ ojJlaJI oLiaj>c_>sj 

40 j-a ^^Jp! op-La^j p-Lj^SvJI jJjj dLjjju^ j-i!l ^l^j>- Ij'A^j 
ok_A <u>c jlxJ ^JJl jL>c_Jl (1)15 bl 4 JL 0 JI ^s 85 L_>jJtJj ~ 4jjJl 

_j 4j jLa« _ ^LJLoJl jJ jlliJ ^ Jj>tLwvO ^ ji jJl L^\^“ 

ol>jij ^JLpLaJI ^Jl^IjJI (jl ol5 y>^] ^ 30 

$ ji ji! L^>“ ^ 1 I . 204 °C ^3 0 ji j>- 
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.ol>UJl_, obUUJl JL. lU J s^Jl oljUJl ^ ojL* 

OjijjJl JiL; *Lie 2-2-3-4 

(Proton Exchange o j-jjj—j—!! JjL—j j j_ij LibLJ- 

ojl ^>- oU-ji jllp jl j-SUj Membrane (PEM)) 

Lg-^-Lxj jm ol i <LJIp ojji l^Jj t (93 °C 

oL«~Ia)J iojJloJI i_JlIs ^Js ol j^AlJl 

ojljjJ L zSyy . ^j^Jl J-JOjJl aJj (w~Ua.i i ~~ > ~ oljE~Jl 

cii^Jl JL-pV| oljL~J JjSlI ^i^Jl LjJlj)) olkJl 

JjIJuS' l^JLjeol ^JlLa l-t^ 0 ola^JasU *■ 

. ijjjLiJl oljj-U ^ SaIp> iLUJl oLjlkJJ 

S ^auJl oU^I 3-2-3-4 

<lJLp OjI^LaSsj 0 ^ ^ ./3 ’« .o. ] I iOU yj 2 

j^iJl L^lJ odl jy^Jl ibl^o-l ►kr* 5 ’ - Ji - 

. 649 °C ^1 0 jl y>- oU>-ji JJ^c- oL>Jl oj_* .(_$ jjshjj^JI 

j^j><Lj>JLj 0 j ^ . /g t o . ll oUjjjXJl j-a ^jVl j»l jS^I j loj-l jJj 

LJjjjLJIS ^Lvij^l olj s>-j y^s^j J Js L>^ iJ^olSGl 

.1996 (»Lp J 
^JUJI Jo-S'Vl 4-2-3-4 

2 y-2j 4-J. s>~ l IO>- oJ-pl ^Jl iS ^-^“*^1 ^ ^ 

ojJlilll oli i£j ^ I ola~JalJl ^ l^aljLicol t > Jlygll JO^Ml 

(_£ j-~ 5U| <Lj^ j-«Jl ,L*£J| OJjj ol!aj>t» kfJJS ^3 Loj c <lJL*JI 

3 ^»lj->0«al l . h ) I j-ly \a " 1 1 djl5 " ^ jjy . Qg-E.,/3 ! ' j 

100 jLo-l j»j Jij .oljL-Jl olS’ k_J-s^aJl -O-SVl 
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olJu Ji (.25 kW c i)\j •LjjjjI ^ kW 
iJiv? o^U <oIp iwJlvaJl I ^UaJ ^Jj-xOuj . jLLJI ^ 

J^jJI Sjl ^ oUjjJ L. C JSLJI o~!j>^J>!l ^ SlJb 
^Jj ■> ,/?" (1)1 SjJJjJl jJ jJ oULaSj . 1000 °C (J jJL* 
LJ jj ^ ^.U)l .5 jS j L>^\J>- j . oJl ^ 60 

^-U ci^^cJ cS^Vl ^IjjVlj .A^lj ^ Jj-kj ^oUl ^ 
.^Lw%oJl v^kp c5 jkJl <uJL> k 

ajj JIaJI 5-2-3-4 

L^UJJ c <Lj>L/gdll oU-^Jl ^ J^jjJaJl ^1 I J_*_j 

o*i_A ^ . OoJl ^3 70 wL>- ^J^42 j ^APxj (1)1 Aj^LaJ! 

0-3 jJl .O-Jj^L^JlS" (^jJ-aJI ^ j_»s_^Lj j_Jl 0-w%^jjJLJfc L^j^cJl 

(1)! Sfl oU^kil! W iii£. L5UJI oJla cJIS* t^>UJl 

jj c-aJ15cJ! ^2j2j>J (3 jk ^j-p dj*tJ o!5 j-jJl ^yo jbj^Jl 
.JJuidl Zjy> 

I >jtj}\ L}U 6-2-3-4 

f-L*^apl (DMFC) 3 s 

(1) 3>j jJl J^Lj *ULp L>*)\J>- oJiJ L^UJl oJ-Aj .$ ^SjJl <uJj>- ibLp 
. OwJ_j ^ jlSsJ IS ^-LJLp ^~Lpo_a**_> U-^JlS* d)j ci «.*.:>- a- (PEM) 

0jLaj>sJ| ^ O^La ^JL> ^ ^-JaL-<aJl (J 2 ^ 0^^ 
i?-L>Jl 4lAl>tia tJjLJl JjJILaJI ^ 

40 ^1 CjIs-US' ^^Lp J £> jXj ■■> y _^!l J^4J SilpJ obi 

-O—P oiLp Jwq— *_J t ^ ^_1 1 ^-a I ^*^a aLL^aJ I 

1 _ j JlpI ola-LiS j»-~dj • 87.8 °C j 48.9 °C Sjl y>- oL >-js 

.JsS\ ojl s>J I ol>jj Xs- 
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L*>U 7-2-3-4 

3 ^3 (jld C 2 ^3 ^Jl 4^L>- ^JjLp l<A>- 1-*3L> 1 y+fiS' Lg_J jS 
^Sj .3jJO!| jJ y} 4ji\s- 4j 1 Jj>- (1) j&Z (1)1 

Jc-^ jU-=r arTJJ-V® 1 <_^I J-^ 3 

A-Ji>“ ^3 I j ^^jjJu-gJl SjJixj j%Juj . iSUaJL ^Jwo-xj 

p-LoJl ^Jjjb S^IpI .p-LoJlj tojl^>cJlj t jJ jj ^jijJl 

IjlJj i_^Jl ^Lj^-SsJI J-sl^Jl jl^>- ^1 ^ ^p-l 3 y* 

.iJU 0 y <uLx*Jl 
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(ju/ipd) £#jb) 


l g ;: .. /g Xj ^JL> JVl oi-* J j-viJ jjill 4-*-» Ji-*-* <1)T ,jo» J Jl> 
yP*-> J 4~o>ljo»Jl ^j-jl jjl!l 4>oJo aJ-U^jJ| oli-ljojl ^ 4SJJI) 4iao J» 

oli-kdl ^ Jy*A Jll « JJaJl» & jSi\ J J-Vl 1)1 VJ lOlJLJUl 
Jig- (JJ 3 ^Jp (_£^l*)-<iJl ^lj>cJ|M y^p 4^— xJlj aI-osIo-II j-p 

j-P (JloljLwJaldJ ^jgOjoo ypZ. ) j3 ^UiJ ^jO>lxO*)ll ]glg>c-o-ll_g .frl yLvt*)l I 

JgL-Jl J l L . i Ijjj ^jSjJLlI iu jJl (_^ijj) iSl— iJL 4-1 .p s oJl 

jg..~i (o_AjJ Jj fdjj^SUl (JLaJ j»-AgMl~«u 4^>.lg)*yi ^jawot t 4 jjI J^Jl 
t 4-o ^ -ptg - ] Jjl OoLfl JgJLoJl yo 3-ip ^jo) jjSj j| -,.3 - Ijj jJ yo \ 1— *-o 

o-ijo oJ^g-lj t.(ypl*p J j,gA> Ao^jLia-j iolp) iiilkU 

‘lSjJ^I y* Oj£cj) iSUaJl 

J 4o>Jao'yi oj-4s Jioi yA O j-J> Jl^^ J (.VLoJ^lj 

‘JUapt £A#1 pJ JLii cLU cdili jj. jjlj .jJlxJl 

5^J| ja Cj\j^A yLs- jj lillLoil .Lfrla-.la i 4-Joij C~™J l ^ o )o *-ej 

OljLlP^I ^ Jp typ ] I lift -kLo_ t JoJI ijl J Juojl 

j - | ( j - ] j3 43 Ug ^^y° *-^-^o 4-oi-^J oloLoi^lo-oJl ^J. ~ P -^1 4-o-^-oJl 4-1^0)^!^ 
OL-OgjjJl .LjUxJ £C-)j-»J l *)L> jjg tJ-plij f-jJiS 

J jJ^^I J j-3-Jj Lfrjl j-i-j jj-^J l 4-^J Jj J_Lo Ji 4g^J j l gO . l l 

Jp i _yp- ( l _ J -oiL«Jl ^jS ( ./g ); 11 oL-Lo-C-j oUg-la->coi jjoi JoJ_*Jl 

Ji JUag)f 5^11 £.1 JI ji— 
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JaJa^txJJ UU>y\ oIjUp^I 1-1-5 


J^JI oLiku iUul 1-1-1-5 

j»LkJl k_~waJj (1)1 £-» 

^jJLaj J-JluJI 0 j-SQ ^ o. ll t *4 -j j $ ^ H j]*>\ ^ ; «nl 

to i^gisoJi jL ^ kk^Ji a^ j (.uaJi ju^I 

i_jjAk<Jl Oj-5 j»Uij ^bJLj (_£.sj j 

(_yk aikllj SjJJiJl ilMfLw-l ^Us ,_yA Uj^ J-kilj -yjy- 

y ^ J> ja>j ^ioj ^ 

t Sviu) aiku ju i*j ^i a>_aai s^Vi jijli-i \jjs 

0 J_) j_>- 0j_£J>“lj (^Jj • • • Ol (. OL>“^LlJl iSjUNl g->ol »/9 A 

d->lj jUaJl^ jJi } i jJ ^.oJl ^ ^~t aSH? djta 

.i^JLill 0 ^-bU SUaJl oUkuJ Uij 

i ^JlJl ^JjLLa j-JkoJl j jlaj iJl 2-1-1-5 

c iwJJaJlj t J_>j_ojJl j c Ja-Jaj>«jJ 1 j c j_JLoJl JuJl>&j ( j^a l*Ju 
Ji (3 jJcLw«-oJI d)li t ^UajJJ Wj_aL>cJ|W v— ( j_> c_Jl!Ij 

aisiyj^j jLip^i ^ (jjij-T) oiji— ^1 
L. LlU .(Sj-fr^-SM fj-j ^ij 

4j^LSLa <Lj>-jL>- OLaJL>- j»l ^->0 1-L^Jj t *>L> j-U LJj 

jUaJol olijl J_£ j . «oLJL-jl» La jj_> 

l^jLljJ ^j-a 2 J^u jJ ipL^aJl jU JULj C l. d ygjj ALm*< ^Jl ALwa ( j-a 

. Lkjj olj^'yij 

Lojj <u-jL>- lij L)li t dilj 

4ja_?>x-a ^ >cJ jJl ( J^L>S-Ja'yi J_5 ! O L-3 (1) J-5 Lj 
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Ji jl t y j»Jo wAi jl c iSUaJl 

JaJa_>c-oJl ^3 j_*Jl l)i i u y J> ' -A-J J~* ® ^ j-** 

4_Ljj_>tj jl t (1) l «/? « i > j j 7 J-5 Ljj 

(J j-*/? jJl jj jJLoJl AjIJu ya y*3jJlj ^ti^l j-!l JaJaj^tJli .oLLiJJ 
r +^\ ^lu>cj La UU'j c La Ij^u JaI>- iSUg Jj j»Uaj 

(l)Li t tlLta jL>s_j^j . 4_o-_^3 0*>Ij J_*Jj ^_> jJLj S^LpJ ^Jj 
£-Lw»A> ! ^A C 4^3 1 t ^J>l*AJl 

Jt^Jl 2-1-5 

twJJaJu <jl Nl Lo_^_>a j_JL*_> j_*Iwo-U ^_£0 ^*1 j-i 

^>j yji ya ^sai iiLjb ccJuji .cJjJi y* ^sai 
sJl^JI 4^jJI ol^iiJl :Jjl« oIjlpL^JI oJla Jjl. 
ojbdlj t6^ coLjlkJl) iJgjJl oljpbU ^ljJ>l fU^Nlj 
SiUflJl (Jl yg »l oLilw’J t j^xJl ( jJ| j^Jlj <Jj>c-<>J| olS* j-jiJl ^a 

t <LL>«^Jl olLLJl J^3 ya ^^Lv2>3 ^Lp Jj^a^>Jlj t Jj jJg ^£Jjj J} 

<JujJL ^ jJL d)| <^ww>-j .oL^LuJl i*^Jljw<Jlj 

LaJl5*-I ^j>o «U?*“L/a^Jl jU c OwAjLJI O^JOca j iwL>c^Jl 

,c_i j-^sJl j-*-*'*' Ji* t oLLwvw>cJl 

^ <• *^LJ l)V c jJglpx-oJl o^XA ya JJlaj l) 1 y^$-> lIjL^SLoJJ 

jU o'yuJl L . iJi>c-<Jl ^3JJ ^UJl (. y>-Ul 

-5JUJI ^\j«e ^lyr)/l IJla 

aI 3-1-5 

:S^> 1 13 J ciycL^j y.1 3lyJlj Olj/Vl 

o3j yLwv^oJl A^aJ>- j]\ oL>d^w<Jl y» isL>s^Jl olphygil AjLo->J 

^3 j-oIj L^J (j^^j l)I 4JLp (1) «wo! ^.ygJl d)l3 
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jL*_J Uu>L*lJ JLi ^Sl J^p) 

oJjfc 61 ajlJL>- ii ,(^L6j I ^J5L5 j j c ^L^Jl 

1 ^ 6^-^ 6 <^6^X3 1 <i^pl ^ o^^vws.) ^^-’l^-^l 

olS ^JlJI (^J5 L5 ^J olkLJl 6U cJl^JI ^JlJI J* &J I 
pUUl ^ . S^juJI o IkJl LUtf Jjl. . v?wJl i^Vl oJuliJl 
oip-ijj>-| ^Jjj j-*-* L^i ^-*- >s -d i^k* 6i Si i t^i^Ji 
c_iLws^ % yi LaL^-j (Jjllaj 61 >ww>u 4^>- J 1 ^-Lw»Jl 6| L$5 


l ^ i .,<<? j j%J ji 6-LjUaj oUj56> £^w<> ->■ 61 ^j- 0 -56 ! oL^ ^ 
a-1 ^ a*. ll iiLv^^lLj .( ! <6i>e-oJl aJJJL) ~l->- 

^ ^5 jLlxJl o!5 jJiJl iuaJL>- jj-u j-* U^l c olj/^L! 

AJjtll OjJa!| oUUIj (. 5 jjJl ^J^wwwrilj t ^5a) 43 Jj jJLoJ I 

JS6 c^UkS JS6) JSU^I ^ cj^JuJl ^U!l olJb-jj .(iJUlj 
(i5^Vl /aJU^I /LUJI ^UJlj c^I^jJlS' J5J t(% ^ 

l^> ^lj lf3 J^> jl*-^l j o!>L^Jl Uajlj t y> 1 ^ 

JL jJJ A_4_Ll>s_>j 4^wOw^>j c_3 J_v^ jl*-~>l 4JL^> L^J JujljJl C *>6 l«) 

w ‘OL-Sfl ^ .(^ .Ml jMjaJI J.UL. ^Ljl^Jt 

t i^Lc- oL»-ijjJlSU^I ; ijjjlj ollj^j ^Ja-s 

o*4~^jJl!Ij 10 I jS\11\j t o>JL*_<Jl oIjl^jj 

j»l la > ll olJ_p-jj t. L y>j-x _!l oLsiLsi j tOlj-iVlj t 4_-_Sj_laJl 

i ^>cj US l j.,^i !l 4jtUU° LJIp i ^5 I 

jJu *y ijU^-Vl i — J-c-l ■ 4-1 i ’ . ^ A^-xSj 

1 _ j Jlp Jj iJaJLi oijjJL^JI ipLvi-Jl 0>_J ( _ s Jlp 

■ i_aJl5sj kiJJi ^9 Uu oliiJl 
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i&jJ I 1 - 4 - 1-5 

cJUJl jUipNI olLjaJ ^JUa* 

0 JocJl l)U 4 _v?U>- .SJL>*^Jl i*Jl!L 4 jL^p < 3 ii^U^Jlj 

C-a 1^>6J (1)1 ^cJJg-»/g-oJ 1^ .CjL ^A.ygJj ^a wAj^J jJ 4.0 *UjaJl 

JULa JUu Jl £jA iJl*J Jl 4_x_Ul C^Al*) l ^ a > 4*_Ul LaLoJ 

/ 4j J_ljl /-uSJ.^1 /S-oUajj-Jl i^Jbj*J^fl jl aJjjJJI 4_JUojJl 
(l)L^>- % y! ^3 l^\j>“ (l)J^J^%w<>Jl^ CjUaJ-M-Jl^ .(<LJL>J'yi 

J^i ^-^jU>c- 1 ]g */Z> -oJ ^ «/? ! I )) (JL*-*!^*^ I (1 )ULj 

1 !^| .A_o«*JLa 1 j-^>“ljL> (1) j-ajJu -La 3 Jl 

J-SLlj li} Oj-ajL ^> -o N j^- 9 t (j J-l <^>- ^ J 

o^Lp <\Jl>- ^^Aj) j^o-U (lS^J t— jJ*J) J 

L J^ 4-;J*JjJL^I J-va-9lj .(d^JJjJl (1) Jjj~aJl If^a (JjL^ JL» La 
‘Ls-^-AI (^^La ^ 1 J[ t cii-pj jJ^a ^_9 ^j_J jj^wm_oJ I WiJl j-*5l® 

.Os \*y>- JJ J^j t ^.a jIJ £j J*JI 


^ J 2 - 4 - 1-5 

J jJ^UJl ^IjVl oli 1 4_*JJ <Lal*Jl Jj SiLs^^L 

.<Lww^L*-*»'yi < LjJLlJl d->l <^_*Jl*Jl ^^3 ^j-wLi-a 1 J ^J^l^a 

J? Lij jLS' jl j t L$JJj- A ^ J-^LL^I <wojJjJli 

.I^L>- |*-^-a LaLoJ •£*-*&] J O^^J>c-a IwaJJ-L) ^l^-a ^|«Apx^w*<I^ 

p\ oLU>! dJJS Jl Jtf la ULp) £*\j JSj 5 JlLa jVU 
^oJJa>j (JliW'yi (l)^Jj o -L^Ji J?lw<Jl 4 ^L>oj t(SJj3 ( j>s 

<UJ.J <l*J (1) jj Jj>iJo Iv^lL-Ji! JIaj <1)1 (1)1 iLJj«5l^j *)1 j . 

.^^Jl J> 
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j^Sfl 2-5 
j}\ 1-2-5 

ol>jj Jlo v-UJl 2 LlJI JijJkJl ^Jiko" 
^SI^Jl J) SJbJLiJl ^LJI j t gUJl JLpUJ)flj liJUJl 
^ J j-v? jJlj t (^-SL* 

*y CJL^VI iwo-Lp! o jil 1 

iw^>uj LwL>c^3 i *a_v2_u ^jULoJi .i^y ji-aJi {_y° d-»u j$\ 

.bol jZ**\ 

4^j j^Jl oLo 1— 1— 2— 5 

<Lu j_i_!l oLojJaJwJl C~-JL>j t. — w'-S' jJ ^J-v2_Aj 

^•iULJ <LwJ^JJl ^^aLwvw^Jl (Rivets) jJl ^waL**wa (JU$-*jLw*>I 

l — . oLa j lg a ^ ll 4_3 j^j ^LSo*-Ij J?j_ij_^Jl j_*_P ‘wws^ jjJl 

C-.«-*.yg-> w\_i i wLyg-U 4_a^ljLoJl ^ Jjjjl <LwJ J_Ul ^woL*%woJl (J [-5 c lLU^ 

.(oU.il jJajl) 43 j^Jl! y*j> U^jI Oj& Jij c lf;vip Jj^ 2 ^>Jl 

j^a ll ja) 1 jjj^Jl 2— 1—2— 5 

^Lp p-Lj ^JL j ^-J^ c-oJl (1 ) ^-UxjlJLoJI 'y 

,L^5 Jl oU|) jl**JIj JUJI ^LJI jLJl ibut 

<LojULo 4_> j» 0^1)15' ^i_P (J J «,«g >cJ I iwJ< yg 1 1 ^jA IJl^J j c (oljL-wJl 

^^Lp <^~JL> li-Aj . i j^a ] Ca OjJj jJfl-AJ 4*S*L~JC . Jl (jji A*-J>!>U 

o^La c UIpj . Uajl 4^3 jJaJl tA-v -*/ 3 c CjI ^_^_ v 2 Jw<>J 1^ c ^^jULoJI 

. Laol o^jj L1>c> 3 o ^3 1 jlo jS' £ha\\ 

SS^JI ^ 3-1-2-5 

S^JaJ>- 4 « «/» i <Lj j y? : ! j_iJl qI jJM! SJul^uJl iij-wJl j-~-*^ 
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l Oj jjj . LJL jj! ^3 <W?L>c-Jj t S->jl J-oJl ^Jlj-oJl 

^j\jJl^\ J^5L*Lj (South African Telecom) LJL jJ>\ ^ j_l>- 
^Jl j) ^ *«* 1 (1) 4 _JLL^j <LJ C-> La jjJg.La 

j-«-aL%wa 4.]g-w><i d->L l^.*w»-S' . Lf}^ ^wwoJi 4_J> i 
^JaJl) 4 _jj_*W? ^3 j-wJl <LsJ jJJl ^wflL^woJl ^Jb ^U> jJl 

coijiSn jlo s^wJi ,\-^\ c'uuj .(o^ul 
ol^jl J\ to^liGlj tl^LJlj iLJ^aJl 

45.^7 -1pL~j ,|jj>- Lis ^ yiaJl t is jj^A J 

c ^UajJl ^ i-P ^z-ySi jjj j»UajJl 

.ySfl IJL* <_> I yiS 

L}U1 oIjUpI 4-1-2-5 

Li >JI ilLJl J \ye p y.S/1 Jl iiL^L 

( jja !.-J_*_J ^j-ol £_£ j«a ^3 l *,h j 1 oLjl L a Si ( j_>J_>cJ V^w>tJ L J^-s^ J-Ll 
L-il j-Ll ^J-P" I <Lud»*_^Jl ^L**^“Vl^ .LaLS^/l <UjJaJwa 

. <LjjL/? tJol^>- y uJj J3 AjjUaJJ 

jaJI jJ j^-U ^ j^-Jl SjJtfJI ^lagi JbjXjull 2-2-5 

L^UJJ /-F ^U^Jl ^1 L^jJ 

Jaj?- ^JJLXu <LjLj^_Sb!l iSUaJl ^Lu ^JJL t <Lj j) «,<g a 1 j-flJ I ob jJLwoJlj 
J^al! ^aJ| ^q«IJ /“ F ^s>x^o ^o ^j^>cJl ^JjLL) La JJwP L> ^JL 

(Maximum Power y^wa-aJl SjJlIII ikil y° ((^jVI® ^UJl ^ 
jli ty ji-I Lp-U .JiSfl ij-&>- y>^ t Point (MPP)) 

I-V (J ^Cj. ^ J^>JI i _y>^= ^>\1 ij L.juj> Ld SjOlJl 

c *, a a 1 ' ojJji]\ 4 ] a a 1 ya l_-oL>iJI ^S j '• A ~~ 1^-aJ' jJ ^-oJJ 

LoJLLp j— i-*yi dSjJl—Jl |JL» OJL>tjj - ( _jJl-C''yi ( J_^LXjJl y>u 
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y ojl y>- oLg-jjJ i*>LLo) jJj-aJl JL^j»- 

yJl tSj^LJl j o jjJl-JI ^biU! iJ^iCJuJl l£UJl 

-0.4% /K ojlJJLa 5 jl y>- y-y - yy5 SjIp 

.(0.5% /K 

iJ-P y^- 5 " 0 4 -Jj j; ./? " 1 ^3 0->La jJi^a al ^»ja Laj ^ l-^-$-l 

-^-=r £-9 jj iUa^> y~~a~Lll L*>UJ| ya _^~S 

^-a-La £3^) Jytaj ^yt^zJl £^j>o o^^_>-l ^Lp cJ^v2j>tJl ^jl t jJ ^-aJl 
y>t*Z Jl ya AjjUaJl y^SLajJ y ^ v 2 ji!I ojdJjJl 4 la i3 j c^uaacLa ££ DC-DC 
V c Ji>J I a^**J . jJ ^»aJ I l ^ J Lyi~~a La ^s. y^- ^J-a L^J I 

.(_^jLj<» y^>c]\ lj_a> Jia ic-livaJl j5jj 

31UI yyJ 3-2-5 
oUjUaJl £ly! 1-3 -2-5 

<U2_ljL>s-a-J I CJ Lj j l 1 j ^ 1 ' ^_)l ya Aj ,_Lx_!l diljLA (jl ^ya £_P ^JL) 

4_(LL$LlJl <Jj_*^a ( ysLv? jJl ^.rg a. >• oLjjUa.) (jl I t a^-ljLaJl 

OjLlj ysLv» jJl (J, '? A. > • oLjUaj j-3jJ yXjj •(_) 4~ > «-yJl 

t (i yLLaJl aLaJl yijytJL) £t-a — j _ «i>- jJL ia») LJLJl4j ! oLi- 3 >l y> 
(J'iLlgJj t C^jyiLNl yo ^yjLj) !l yo <JL=~»J 

<_)La-pl (j| .(yLu C~Jj ySLJl) ®4JLa-v2-a 4^_ajL*®j ( (jLiJJ 

(. (jj^J-a aLa-) j»Jo aLaJl ^yly_*_) (jl _jl (. 4ju.y j La LjLp a_jl. 1 1 
4^a..,.g all oLjUaJl j . <1 «,,g i a. 1 1 y& 3jL«,igll yo <LjLgtJl CjLjUiJl (jls 
oLjlkJL iJjULo j_va3l Lj_aj I j-a-C- O yJslj 0 j3 J 3 1 ( Jj>L^JL> 
yy>J jj LaJU^ WoUaaj tyiljJl ^LlJ| J, iJLw^l y. yJUJl 
.y*>La Ly^l 
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2 - 3 - 2-5 

yo djljjQa-Jl Laj- j* I 4_jjI-LoJ 1 o 1 ^xJwJ I ^ lj x-4 

12 J^->o j»L>cP-l Jails jiyj JUIjj i lUL^LLII j\ oljL~Jl oLj U aj 
220 ^ JJJJl J UjUJ ^1 ^y^]\ Vi>dJl i*_Jl . V 
ZfjjZJ iw J~i>d tiJl Jl Jp oLjlkJl JlxJLj I Ah 

4— L$-P ^3 Ijj ^^a~*vwoJl JjJ^L>tjJl 4 j>e_Jj^ . Ja*_«Jl J_£j>tjl JJP ^-_SJ 
J J jLrf^Jl C-^ 1 Cf* OljUaJl £&| 


^UaJl J 


J J 


j jl j-«Jl jj .» “uli t (^jjllg . ll ^ 


t SJL>J| oj_a J ,<Jlp-IjJ| ojlixJl J_Lo 

“LJj jAj “ JJ. L$^y* * Jj>"I.S '— ' 'Ij J _J^ (J-C’ ‘Uygl.O.ll 

(ij j-3 ( j^> IJ-jIp J-3 j .oLjUaJl ilpj-o^c-aJ j - «, <g i 

IJL» .2JUJI i*-Jl olS LjJ JjJl LjlkJl J l _ 5 xs>- JLf>Jl J ij~S 
jJ Jo-jJl J| jLil3*yij «•(_$■> Jl £J-*alll 4Jl«_c- 4 ><lJo OJL><j JLs j-jIxJI 
ijJLc- oLjUaj JjLijl a ^ 1 1 SJLxJl k_™«j J»JJ>c_<>J I io3jj>Jl 

■ l ../g.lll ^-3_J» J ^yasmJljl OW^sJ J-o-P ~*-vsJl ^ liolpj .<L*_-J| 

^j-jj^>tjjl k J y 4_>c_-J_) l }' J5LL» -Lj >- yj J-3 JjLjJ \s « ll^g 

yP jjcJl i j i *>Uj>) <JL*Jl S jl jj-Jl oU-jjJ J* jjcJl : 

.i— Uj i Jj^ 4-J^-l.i iLsLyJ ( Jj ( ^wa~jJ I 

c-JUJl ^ oLjlkJl 4_yij jjLJI jI^MI ^Jl^i oSf 
J-* jj'yUJl JL^^JI J^JI jU J5Liu iJU 


yo ^aL>jJ I ^UL J _ <LJLp J-^->“ ) ^ljj>sJL-al 

1 12 Y ijlLu .^jl Jill Jlp oLjlkJl Jl i>-UJl 

^»>ej jl^jJI 0 L 3 c <jl$JI ^jS 50 ^ytij ^ 3 L) 220 Ah 

.^jJ^I oL_jw ^ 1.3 kWh J£J 12 v Aj-jLj 

.aL-jLvi} 0 L 0 I ol>ljj>-| ilAJl k_ -?o 1 50 V jj-a jJ-pMI 
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ol y> £jjl O 'LjUaj (JIOol k_^>oj 

i*}I_pU j»UajJLi j5>LaI^-*>Uj .^y J.,^»l! j-aJl j»UajJJ ( _ s OjJl y>_*Jl J*>U- 

lj^l>- ^JLjJl jv-C'-iJl ^^Ip J «<g >UJ <Jlj- 0 *i| 4y>tyl ^JO I l _ s ~j 
olS ja5i yixj -I-® 1 iloUJl (_£JuVl j»ljL><JOlj oJjJL>- ijUu s-l jJ , J 
(jl V j l 4 ]g .. ... > ^JLwQ i-j'SLa <Oj.AJsJ| oLjlla_Jl s-l J_jJ_>oJ| 

d).LaJl ^9 ^jLlJl -> yp IO*J £- 4 J Ja>Jl Sy*J olS yUl oj_* 
.oljLJl oLjlko 1*1 US cS^I 

AyljygS^I ejJLaJl t^jL-So olji! 4-2-5 

iuLy^-SUl oljiVl ]o ojj \a Z ^ 1 1 (JjjJl ^9 4 jI ^y> j»_P jJL 

ol S/I clj 0.9 ^ j>Jl jyL J-^ oJiUo^Jl 

jU Uigjj t0.6 (_y^l •Aj-cS jylaJ I ^9 c3 yij j~«Jo Ji UUx^Jl oljiVl 

jL«->-*yi oj_a J~° (J-«~*-!l ( _jUp ojjli OySU 1)1 (w~>o oU~SL*Jl 

d)l ^1 iSlSo^^/l <w~~o JJLLlI d)U tdUj ^jJlp oj*Ap .iJL>Jl 

.^ySUl! J-AOllI sJj ol jlJ y» ijjj U~>o ^^Ipl (l)ySs J 

jUl S^4 1-4-2-5 

OjJlaJI 0 >ljy) 0 >yl jJ 4 ]g U yj l ^ L S 1 ^O Ol~Sl*Jl jg 
MOSFET oljyojjl ydl jU ^ <ul . MOSFET 

SjI. j^>Jl i=Tji J-»U_o LS^ ^ J < 1^1 ; ^>y y-SU-j 

iJl® d)U ^ j>-\ u>-u ys 4ji *y| . i^j j^ioJi sjj UjiioJ y«Ji 
oU-jj jllp jl$j>Jl J-*-*-; Ujllp iS yL 0 iiL>- Jl jl 

sJj iojLio J-jJS i*_i j j^>Jl ojl y>Jl oL>-ji ! i*_aJ j^JI ojl j^Jl 
^ yiw> i)l y>tlJ _^iSI oL>-IjJI ^J-Jc^jlII 

^jl jJl Jlp ii^Ljl ^ Ijj-Vl MOSFET oljyOyJly SjI ^jy 
.oi 5jly>JJ iJOjI jl^^Jl JLP iSyJlj 
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iyfdl 2-4-2-5 

4 ]g 4_) 4_> <LoLjj_^_SsJl oL~-_S*L*Jl Ij X^a ^J_>cJLw%J> 

^1 £j\ j-oJl tOL^Vl .5 jl £j\ 

r*\y J— JL ^ oSUi; N ^ikJl ^ 

jj c tiiJi . 1^3 ol LlJL j\ Jjljjl 

oljLi; ^oJo) ^->bj>JI 3^1 j c>y^>-\ jJl 

4^*^Ja 4 j yfy ^^ >eJ ( 4.«,^.i.>cJwa P-Jj CjLajliLoj <LJlp <U- 

3 jl l)L U^jI jLip^I { j+*j l^xjj .Jaii 

jLi ^ULjj t^jL>Jl 60 °C ^1 SJj_^_^ J > 7 <jl ^j-SLo-* 
70 °C J-JLJJ ojl ^ oUjjJ <oIJlpI ^jl ^>Jl JaJaJ^Jl 

SjJiaJl olj^'y ^ jygall ojl ^*- 4^-j^ co^Ip-j .^^LpIj 

^Liol t *^») (JUa^-lj j-o-^Jl j««pa~) <S^y* ^ t 55 °C 
i ^j c 4_*_3jJaJl O^LwajjJl (jLijij t I JaLla_>eJlj c 

.(o j$b 23 Ajl^jJl 

j^iJl 0^1 3-4-2-5 

wL3 Sjl ^j>cJl <L>“jtaLj da-o ^-oJl o^^_>“! 

IJl&j .iJlxJl ojl j>- ol>ji -LlP jl*_U ^ajli (J^UaL 

^3 O Jj>o |j»A (jl ^/J . <v2j *w-j>o <_£ JJl O-Jj I ^y2-&> ^ \ 

j^*Jlj 4 ^cmJ| jU ^ULj c 4^<w2-<Jij ((ilL^aJl t'yt SJUJ|» oLjlkJl 

. (1) lyg.i.>cJwww*> 

SjLwaJlj JbJLilJl 3-5 

^UiJl CjU^^o JsUasiuIj 1—3—5 

^ 1^5 s oUl j~>Jl j oL'LJl ^ ^ih^o jl 
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Oljj-SOa ^3 l$j| I Jj>- j_^Jl 4-*li <• <L»jl J-oJl £_3lj-oJl 

tjj_Ja_!l c3j 3 ! JjJaljyJl ^^3 ^dljJl j) *, a « 1 j_iJ I ^LlajJl 

£-<Hj tjU^iVl £jj-ij Jiljjlj t^-LkJl jL-pj 

L5* (Ji iP >"j ^J-Ul (_yip j^l^O Ji £L*jSfl 

Jl JJ-b J> LjUJl t 5iUj .*bSf| 

j]| j* jS\ JSbL iiUaJl JLUJI OU JULj I JljJl ju. 
djl3j_>l 3 (jLg,-*JLw»>l ^JL> ^_! b}j .o yljJJ ^jlJ-cJl jLjlJI P ^Ja^-wvU 
4-la^ljj L^UJlJ y-ilj O Jj>o wli (. ^yy>Jl 

j*>Lo ijjlj < 1 lg ^>1 jJl i — iLJaJjJl ^JLj . £jLJl )) 

L» jAj Ubl ^j-Ul ^*Ju <0jl AyJi j-$Jl ^ ^J-^ 

Ja*- ^ \ jJl kwiJa^Jl £y> <S^$t c < Upl^J>j ^^y23 1 

oU c SjJJsJl olj3lj oLjlkJl iLL?*- L^i 0 jj>cJ>Jl 

C j~-p\ j «/2 1 Ij c <w*5"ljJ«Jlj c j t (l)lij->c-!lj tjljJLaJlj c j J.kll 

jj ( ji^Li>jij t c ^u^iij c ^jii*jij c ( j^o % yi j^jJij 

o*)Ls_v^ jjJlj to*>L>l£Jl iwo 1 _v2_jI ^ jJLjj L^J Ll^^wo ~l>^J 
JS^JQ ^jjl S^wai 3 jii (Relays) o*>U- ^Jlj t iJ JcA\ 

otf IS} :jLip^I ^ UJia4 v^jjo Uj v^Jl oI^JIxJIj .((1-5) 

^jJj S y£ja ijLwaJl (jli ^5 4>&j|j jj.ya.jj Ij jS ^3j^Jl 

•^jlj^i r^d 

k i > ■ 3 jy>^>Jl jli t J-a ! Ol—y^jJ 

p-Laj^/ 5 J^w>- Aj j3jJ jl iwJ>tj 3jJ-5Jl »■ — a^ws^o olj^lj oLjUaJl 
OljUJl ^j j->tJ ^lu^Jl J (J j -^oJl jJJ*vwoJl JJ-P Sjl j_> Jl oL>-j3 

ol j^y>Jl ( JwL^J ^ys L_^>o j>-\ Ay>-lJ ^j-°J t OljjUaJl Sj^LyaJl 

4jiJaj I^JlP JisLa*- .(<L-Lya Jj>sJLm*»Ij oL)l j-w>sJlj 

•Vj^J 
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U\yJ\ 2-3-5 


i!L>- %AjtaX>cj ^3 (j (1) J^LxJl As>-\y^ A® 

^Jp (Jjj^li ^».^->| L5 t (di-ta J$P (l)^ii5o jl) ^Ualll 

l_*_l_) OjwLtf-o-Jl cojJj d)l_3 t dLJ.LJ ,<L^«j^\-$Jl (JLq-pVI 

tdiii Jp oj^ -iSjjj^y j*\ j-a ^wsL>^Ji 

(JUfipVl 5J jJL*-« <jLo->- 0^jLLaj t 0*1 jJLll 4_1 ^ ■><» <LoJ>*!>\-s 

y*^ 0 j-^> <1)1 J-^2-9^/1 (j-°j - J>s* jl /j yy^ y*$*j 
jLjJl ^JajJ ^-LoJl JJ^ ^IjloJ Jj iiLv^^/L - f Ui:)l Jjj JJ 
d)j5\_> ^J_>c^> yzs*^* y>~\jj ^s_J> J~* L*5 . ‘LoJ'^LoJl CjI jjV Ij 

(^OjJ>«jJlj ii £_Lo-> Ls/2-j1 *1 I -La J ^ <Lk_>e-<>Jl ( jp ^Jy^o 

<da-w-l ^>) ~ 1 *j ^jP LJI j»Uaj j»l J j>cI~ 4 j .(o*)^pI Jail) j»UalU ~Lo-*L<Jl 

IJpLw*w« l ) l)1 (^pLl*^ y^ ^La-w »»! y y J.5*- <*— 4jLa ]aJ>- 

.iJlSjl AlUaJl *jJ j\ t Ji'LlJl Jl ^ydJ W 

iiUiJ oLw ^ y 3-3-5 

tlr 0 jj-a J, J} i\ Lo-JLp L—^SLa j~-*-i ^tJ^U J-yLj J-S’ 

oUJI jL^pVI ^ .SJbJbJl oljLyJlj oU5U)fl 

<LjLaj^/j $ Jpli jS~a jJjjJ I J_>- 4_>dL*^ JJl <l)Li ^ 5-aJJLoJl 

ya £jjL*Jl ^jp JjJ-wvw^Jl yZ>*J*}\ ildJ Jp LkiU*- t ^Apli 
jlJl j C IjwoJ I Iwol Jlj t <LilSsJl jLjJl ^Ia3j Jplj JL oJujy 

.o J-^>- <\JL>- ^UajJl *UL <j *>.«/?"> OJ JsJLoJl OljLjlj .A*~a I 

Jail>- C yzsbsj dip J jJL*J <L>cJl Jl <ui5cJl (Jj^a (1)15 jJj 
.Lol>cj| y *j L»>-Ls<aj| Ip"^ j^a o j-j^pI • ^ipU j>UaJl ^Jp 

jljj Jp’ ^*>Lo-p j>fJ^ 1-^ j-oJl 

<ClJ| <l!L>-*)Lo J^L>- JaJLs oJuJL>- jLdwo ^JaJ J-3 j . 4_]a_>e_o_L! 


147 


|tJL> ^ 4_j| (. J j-UJl j-L-j tL)Lw*“^/l . 4_>I~L*_; 

.((1 - 5) Ji^Jl ^laSl) UJLdJ 

SjjIxJI jkluJl J <u5 j^as] jJ)}\ ^j-P <u^bw>- olla>-^ta 4- 5 

.J-wjLulJ |j_>- 4 _*_j|^-> 3 J jJaJl (jl P j_)Lj 

<LJl*Jl <\^£'Vx~S> s )1 I JiLa c AjjIwLoJI jiLJl 

<ul S/I tc-ijjJl *1^5^ I J-w?y> S JJ J 

<La jJLJI jjJl jLjlp'^I .ol_JL*Jl ( j- a J-jJ-*JI 

l)I wL_ijjJ IJj>- <L>sJL-*< ^ & j-iJl <L)Li t o^LpI 

j! S/I ciUlSGl a^U; Jl <lLL>J 'y Jl S £j yLJl ^ *>>- 

<jUjl!I C jjj c^Lklllj cjl^^lj t J L jcjj^U LJU>I oIjJlHI 
.AjjI^LoJI (JjJ^lXoJl ^3 <Luj^/3.*.1 ^3 ^jjLJLo 4jj^ 



clJa^Ja 2 kW v-jjIa AjjSj 4-Lsm* JjjJSI JjiiHj Ja«j Jj-« :(l-5) Ji*iH 

12 J£ JaiJull J^lc. jy±*> C_1>JJ . ^1 u A . *! ' ^ Jj&lS (3^* ^ ^ J 

Jc VJj ^jjt^iilja J ( >.^VuJ) V I jL*ls — AjmjII ojlc.) Jl*&V 4 c.Lh 
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4_£lUa 4 h > 4 (LLJ 2LaLLaJl dJM 1 ml 




(Cumulated Energy Expense <0u5l SiLkJl JLill)) J-o-do 
*bf\ J olkJl oUiJuj SaUl olkJl jIjl. 1 flkJ (C££)) 

. (CEE r ) SiUlj l(CEE 0 ) i(CEE m ) 

^iaj|) Lj jwalJ oils ipL^aJ olkJl <jjlajl J-*aiJl IJL» 

t <e>JL*^Jlj *>LoLi t(6-l) J^LiJl 

.Jill dUS J U, olJu)flj 

4j. L^<J oUa^-*>ta 1— 6 

ollLo ^Jj <u^Jl*JI £>-l iwJlpI 
J-ol5 4^1va^Jl ol5 jdJJ ^lxj^/1 oLlia j*jo j^J Loj^ 

1995 j»Ip ^ ^ddi i — ™-j *>Via iC^juJI 70 _ 50) 

oLJu-Jl y» Jj-L*U iSUaJl jl y> *_p ^JL j 1999. j»lp ^1 

d-)Ld-o-*Jl L^~vO L J~S 0^L>o| j*Jo 

(jl l al^od” ® ^-d*L-a 

UkJ jJaJl) iLol^Jl o^Jl i_3j jJaJ dJJS ^ j-JLSL; JUl olkll 
. (Hagedorn 1989) 

jLjlp'^I dj-Vl iJ_»lj-*Jl oj_a J_?-l ir* 

iiUaJl ii*>\ ^ :.<il y» Sjl>- lj L& t-y>- J_Sj cj *yU- ^SLoJ 
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W -Jl jJ\ ( CEQ jii\ oUall olk^J hSi 

.O^JOdo 0*yLol^O jU 



ftjLklt M a J 4 ) *'*' jiti Sj^l £&*/ «^jl jlt^fl :(l-6) <3^***^ 

.4iLa»* £&] CjUkSj gjwiiP AiUa JUiL AaIkUI 
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3Jl>eJl 1 — 1 — 6 

ljuji ^y\ l sjj j^Ajla ji JjVi <ji>ji ^s^-j 

2 MWp/a t <lLjIS' o^Iai^L (oIpL^ 8) 3Jb*-lj <u^J 

4-jJLJI obws-w^tJl j^i>o ^jllll SJL>sJl .oL>jiaL<>Jlj 

Lojpj c oLjj ^ 

. 25 MW p /a i^&l 

V-L&l 4SlkU ^ilSUJl iWlfL-tf I 2-1-6 

1%-J iw^>6j <L~*»L*>Vl iSUaJl 

olkJJ .L^L-Vl iSUaJJ ixilSUJl pjUl Jl ^IsJjU iSUaJl 
t (<U-w*»Lw*»'y I SiUaJl op-LaS*) 0.4 o^La^Lm*»I 4j>-j3 ^IJj>cJLw*<I J <J)\jj ^£. Jl 
c0.85 <lo-*_aJI o J _a oJL? <L>jL*Jlj 4_)j>L*%JI 3j_®jJl!j 
^IjJ <LJ^J oj_A Jj_>«jJl Jo I J_P .0.8 doLS" ^Lia^l 

.iij^Jl ^JJJ (j/Vl) JiiU^Jl ji*JI JuJj LJU! J iiUaJl 

4s>-\j\ JU jLli>-l o jjo (JjV J wLa3 c i^iJJ^ Jj 43 

jJy ^cjLuJI o J^JaJ JJ>j . <Ljj .»2> " 1 j-iJ 1 iSUaJl J^JaJj 

oIjJ j-a J\ c^^Jl oJ^JI JUkiVl Jl. Uj Jl^IjJI olkJl 

.(^jl ^5*- 3l3jI*J (JjjjJl jJj^a j\ c 4jpyg~lJJl 4*oJajVl jl t^Ljl 

^U>sJl ^1 2-6 

j_> JaJj P-J_J Lwjo ISLajJ 4-oj*)\Jl j»UJl j-oJl ‘wJJalj 

ji j>*j JJ c (TV res ) (^l>cJl oj^JI) jlSjl 

£-9 j-o ( jj 0lJL*_<>Jl JaJ . (Wfree) o ^L->*Jl ^1 j-^-ll 

OjJ; 3 JJJ LJl^yi ijU-Jl Ol U5 .(FP*™) ^JL^JI 

(jJJ^ ^yiJ>T^oj . ( Wprep) 43 U? ^obcoJ ^AjUa^s 
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^UajJ iSLIaJl ^Sjl-JLo j_a aXS 

.(W prepro ) Jl^ll tejj£}jil\ iiUaJl 


» = I Kes +JWfree + X W trans +Z W prep 


1 — 2— 6 

c_ij jJaJlj j»L>sJl o^LJl jl 5JLlaJl ^^.Lp bLoJLpI 

O ^ jt 3^* '•— -jIJLL i 4-Jj>c«oJl 

j^X*J A^^>c-<Jl ^slUJl j ^y» jU JaiJl t(Jll<Jl 

^ J5 o^p coL^Vl ^-Ul .(W prospect ) iijjjJ* 

(W trans) JJLJ l yg ^1 <wJ-IaJOj . L>cJ>-lJ tw^^JLoJl Oj-^J JaJLd 

oLL^Jl ^ Jl^jJ o! ^>o U 5 t (olj/Vlj t^l) 

C Aj Jj Jj>- a5w>j C oU jJa) ^^ro-^o-!' OZP ( W inf r as tr) <UZj <LalSJ 

O- >tj iwJJaJOj .(ooljUa -*j t t Ja j la >- j 

ci^jjLi_JI Sj^JI • ( Wp re p) ij^s- ^jVl 

^l_iOJLw*<l o_*_j c j->-\ tl j-0>-l j-S-Jl A_>-ljJ LiL*_>-l l 5 jj j ^ !l 

. (JW recycle) aJU~ t 

W res = Z^ rospec( + X W infras,r + 2X flns + X W prep + 2Xey c / e (8) 


^L>tJl jl j^Jl ji_j >tj 2—2—6 

• (W separate) LfrJUaij OljLS J\ ^ fUJl jl^Jl 

j»L>Jl il j-«JJ .I4J jijj SjLJI iiliS ( _ j Jlp JLiJLJl 

jl (oljli>- jl (jjUu j»l JLid^xLi) LSCjISwj <lJl«j<JI e-l^>-j ij^H. L 

4 jjL*JI jl 5 JjL*JI jl ^«Jl ^ jj L^L^o-^ 


Jsjiaj»- j\ l i woljt j I i -ke-lvaa j I l SlSU <uja-l aJa^iljj jl jpjl JJij 

j^s- il j_«Jl oXa j j^o t oLa-^/l ^Ju>l (_j^j .(j/’jVl 4-uj-->l 

j»l-L>cI^I Jais i j^mj <uJii 

^ = 2X.« + XK a „ s + 2X„ rt (9) 

oljaVl (1-6) JjJu>Jl JL, tJUJuJl JlS’j JUlJ 

.(^— Lo-*Jl p A jLj 4_L— J— ^ ^ 3) ±iL^_.'^AJ <Ly2 ^Ja ullj |JL>- 4-o-^-oJl 

<LiUaJl ^Ja*j ol.il iJ_>c_«Jl Ojjj 

.jLac^J l*J ^jJl ^aJl J*^ 


.((Schaefer 1993)) 'J£ _j]l ol jj5U jI j*J! olilail ! (1 - 6) J _j-b»dl 


(Sittl il5U[) ij-ll ojj J JiiJI 

(g-Wl/Ve) - Ui, 

<(t) cS>- 

3U+I 

116 

3300 

dr J* 

12 

181 

(7 km) JSU f)>- 

8 

14300 

,*>■=.') 4j/ Jlji ji jU=- 

G-J*' !>U 

2 

119 

Sjjj^ ojLIS- 

4 

37 

r -W> SjUS- 

429 


ill^jU /d=i 


wLL- jt-pJ ^jjJJa-oJI j\S jJl *£ ja-j I olS" js*X\ : (2 _ 6) 

. ((Mauch) 1995) j| jJl 


(tore/ yMI Cjj« J! M<! <(t) <£r* jt) v#-» OJj 

tproduct) 


1000 

^Uej 

13.7 

fj4t' 

4.4 

f U- JjJ, 

1.7 
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Jidl 3 - 2-6 

Jl j\Sj\ JiJ S^iLJl cJJl&ll Jl iil^L 
^>JUJI Jl JJLJl ^LJISC" jLipVI ^ oi-Vl Lkj 
J^LJl (8 _ I) JjJj>JIj (3 _ 6) JjJj>JI .eLU.^i*^aJl 
oUIjcJIj iSUaJl ^yo LfJ 3 ^Jl>c-<JI JjfcJl JjL- j 

<b| ^ ( JJbU iwouj . wL-wv^l ^jU 

t4_obv2JLslj C *LJ_9 ^L-^l j ■»/? 9 V I jL^—oJl Lo-5l^ N 

. ( Lo-o obi j obi 4 ^Lm*<j 


JJU J^^JI JL^l JiM oUU-Jl j 4-SLLJI ib^l : (3 - 6) JjJbJI 

. 4^>ejJ! 


c?» 

*JJk £y 

ikii co 2 

kg/(tkm) 

(MJ/t.km) 

co 2 

kg/(tkm) 

SSlhU jjWJB 
(MJ/t.km) 

J^ 1 & 

Frischknecht 

HO too/. 

0.0094 

0.12 

0.0075 

0.09 


(1994) 






<Vr» 

Frischknecht 

HO 100/ 

0.0086 

0.12 

0.0069 

0.029 

:>u 

(1996) 







Frischknecht 

D loo/ 

0.063 

0.84 

0.04 

0.48 

^*>1* 

(1994) 






<V>.b) 

Frischknecht 

D loo/ 

0.05863 

0.844 

0.0365 

0.51 


(1996) 







Lenzen (1999) 


0.03 

0.4 



((.U) 

Frischknecht 

E 51/ 

0.1137 

01.39 

0.0556 

48 


(1994) 

D 49/ 





<%»**. 

Frischknecht 

E 80/ 

0.0513 

0.956 

0.0104 

319 


(1996) 

D 20/ 






Lenzen (1999) 


0.08 

0.9 



^ 
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Frischknecht 

D 100'/. 

0.1606 

2.16 

0.967 

116 

i#Ji 

(1994) 






(t 40) 

Frischknecht 

D 100'/. 

0.13637 

2. 08 

0.097 

1 

'/.50JXi 

(1996) 







Lenzen (1999) 


0.13 

1.7 



& * 







( r U) 

Lenzen (1999) 



5.40 

65.10 


iSyr 


J ii-l iilkU I jJ> nyji ! iW+xX iSLkJJ ytlil ibL^N! LJ kX 

U-XJI oULJI .(ajJujJ- 1 dJXJI ,oli >J!) X>X! XJIj JX! £L-j £lf.\ jUpV! 

Sj.lj.b- <X« 1 ai- jUaiJI JjJ-Jj JjjP -^(jXll ^ (8 - I) Jj-bU ^ slii«j 

— i!l 4 JXlX (Frischknecht, 1994) J o_^X! Jtf oUUJI -J .> T Jl 

JC 0.3 kg : s^jJI c(Ulf) kWh JX by.j&\ Ju-d jli 0.53 kg : X^Xl : 
Jtf0.23 kg : (S j-iUll ^ iiUJI LXj) il^LjbXl ckWh JX 6*^X1 jlX! 

. ((Wagner) 1996 >1!) kWh JX O^Xl -b_s1 
■ = G <^.^0 JX = E Jy.J= D JJi ,U = HO 

^a*dl 4-2-6 

^ j ( j>L>Jl iljdl lx>- jiLJl 

4->JL*_<>JIj ( W sort ) J ., /? a ll t-\ j->-\ (Jjjj-Jlj\ 1 3 X -B 

oiUI j] U iXJLJl oUUJl i\ yj . (W process ) 

■ (W waste ) U^X 

W prep = £fV sor[ + X»W« + W waste (10) 

^UJlj JL~dl JUp! 5-2-6 

w ^LJI oJla Jcjj .^LJI tSte- tJLj-i: oUl y>-\ J\ ^b>J 
^j-^j . 4-J J " 1 j-i-l 1 iiUaJl <\Jaj>s-a ^IXjI ^ l ^ « « <*. «/? ~ 
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P-L^JLil j\ t jl C ’. ^jLyO jJ jJL 

iwiJl^j 100 ^Jl j->~) ^wajJl <j^L>cJl c_j j >* Jl 

J-filjjjl *Llj ^-A-Jl^jj (4-6) AjJyyA d)lj^->cJl *Llj 

cjLJ c^L (J I <L)L>- .(5— 6) (J^%A_>c_Jl 

(jtd (l-A^-'y Cj~?° C 4-0 y«/3^ j£ jl ^\jL«) <L$ j.a/3^ j3 

^3 LgjoLftj ^j^s-oo ^1 -Lww*^jJl 1 — aJLSo 4^0 1j3 wU-P J-b>cJl 

. ((Geiger) 1993) <L>- jl>- ^1 jJj>- ^hi^f AiUaJl oLUal* : (4-6) 


CEE m (MJ/ 
m 2 ) 

i,l jA-l ILL- .jit 

k (W/m 

(kg/ ijjii 

m 2 ) 

JjUJl Jl*— 
(cm) 

jl.0-1 ciU- 

(cm) 

jUAI oU jSi. 






V-l 1, ji jUj- 
v >) ,> 

(JU 

1220 

0.38 

395 

7 

34 

1 ( cSj 1 >=- 

1277 

0.29 

395 

10 

37 

ji ^ 

‘W> J> 

1372 

0.20 

396 

15 

42 

WJ> 

1742 

0.34 

614 

7 

49 


1894 

0.19 

615 

15 

57 

8 u 5^ 


2tSjU) (Styrofoam) ^ ji j j-“ j^jl ^ JjU- <j-« 4iJs j io y*s- oUjj^Xj cojJs (1 
.(^-jil ^^™JjJJ 5 jjU 

L$J^ J (j- 0 ^A-iaj ^aLa'y I jU^I ^1 jbj t <LLt jJs j_o_P oLajjJ>iJLj eO jJ? (2 

. £^)1 »U?T ^ i^l j&\ iSUaJl JUJ = C££ M . 


156 


.(Geiger 1993) JUI y 3Ua)l oLUalo : (5 _ 6) 


(MJ/m 2 ) UitJI fcL- ^m 2 J53 S50JI oUk^ 

»'i SjU 

6j\JA ki>dJ t Wj 
it - i.4 W/(m 2 K) 

k - 2.6 W/(m 2 K) 

1088 

934 


1485 

1331 


3340 

3187 

£^L 


w»jVl olS>dJl oU~kJ oliLi))fl (14-6) JL, 

<Jd*» (1996) L y>jlaj t <Uj*>Ul 

j»l J-SCJ 0.88 kg ojJ_9 djL*_-_>l 

oUUJlj iilkJl oLLkuJ iUUl oULJl y. JujJlj 

t i 4jL$Jl ^3 12 iiL, ^j>tU o jl—S'I ^jLj 

j! t(ojj-!l i — — t f-Lo ^ 6j t J-°j ‘'-S-o-J! 82j 

^ (5 _ I) JjA>Jl ^ UoUxjJ fj j>-\ «-L) il y> JjV 

50 -L*j <wSl ^L«Jl J-JoZjJl <SUs i JJaX* ijl AI3*iUl rtJLJlsiJl 

^ ^a-l) La3^ A^J^jo') 4j3Lp |»! I ( yo <1^ 

JU^I ^ au}\ J. 75 ^ (1982 f l*J ^jl ^>Jl ^UVl 

IgiociJ ^>-^1 ^j-wo ^JJ La3j L^JJj . V-UV I iiUaJl iw-iJa^a 

. Ig^g <cuJl 60 o j^?*-** aSLW k_^-UaLo c 1995 (^£jl ^>Jl 

SJbJ^Jl ^LJl ojjh JiJ L-L-Vl 

Jai>Jl ^Ju-P t ^ .(Geiger 1993) 40 GJ/m 2 JJUj j! 

{y> I jj-s i_5- 5 j-’ e)l Cj^h. aL^-j^ f-DI ^ (_^jljj>Jl 

^ - J-JddJl oLllSS ^lJI gUJl LxdiL* 

SjLp ^ dUS <j- r^ 1 *> 

I <u J ^p 5iUaii 3-6 

i <Lo J ■>,/?:! j-aJ| iSUaJl ollaj>c-fl 4^Lx*J iSUaJl iwJJa^o ^jJlai! 
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iilkJl oLLk^ oLL^Jl Js jU-jJT ot 

olkll ULfSs ol jl>-jj t(^ morfH/e ) t (H^ cc //) 

oJlpUJI j oIpjlJI ^ oLLk^ Jl iiL^L c(^ conv ) UL^iGl 

-(^ 0 «) 

^ ro = 1^, + + Z^v + ZKu PPOrt (ID 

a~~.<>-~L)I ^lill 4—6 

L*>UJl Jl SJUd~* W»jVl oU-JaJl Jaac oV 

jji j JLLJI .L^Jlp J J iJ*yi oIjUpVI oU 1 5J JLLJI J~«JlJl 

jJ* Lj jll j-$j IJLjJj t J*»j^l o JJJJ 2 jij jiS^\ Jllll j-^xJl 

^LLLl<j*j ^JllJlj^ ^ «5 jj <J 0 ^Ss^LwJlj 

Jaj j_Ji iilisj 25 ^j-o jLS I) l.d>- LJLp Ld»j I 

<LiUs jJJ i a. la !l JjjjsnjJ lj_>- 4_™nlda L-_^J j j-SjL*JJ 

t ^U- Jl 1 lLUjJ l_JL» tl) I t j» I . <Lj L ^ 5 

*tJidJl ^Jl ^Jj>tlll . o Ja^- JLLo (^1 

-4 IJ->- Jj-i 0 JJL^< J-^ J j v3 > «Jl J} (_£.sj-j L r~ J ^i i_Jl 

jji Oj-Jw? 4-iUa iwJliaJLj kijjj <jl SlJ t iJL*-S L*)La- ^-LjL 

.di&yi 

(ijill A^jJLJl jS jjLUl) j£)l jjLLJl g^l 1 - 4-6 

4j J-LaJl 4 j>-jJ_!I (_J 0 j-SJL*J| jl ^LixJl 0 j-SJL*J| ^Ll>J 

t^JivaJlj f-j-uJVl oLLkuJ 5^ ^-jaUuj (MG-Si) 

oiG Jljxi-I J L«JIp (j j^> Js o Jl _p- ^IslJ, Jj 

ikJ* J, Jl J jjjl jJJl JSLi JU (*UJI (Si0 2 ) o _ j5LJlJI 

^jL> ^ I o ^_^Jl J**^~*S\ cJ^j^ ^ ^ * ) Ld-o c o (_^1| o j-^Jl 
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5 J (1)1 j-jl (Jlj-li- v yi 4_«_Lo_& (_£ . 0 j-; j-S\J I 

l .i. >tJ ' ^c-j' lg ^ L>- ^-Lp) (j ^_^Jl 4 Is .»*>' 

j _^5LLJl ^5L, pit .jjSLLJl gkty (^^Jl ^>Jii\j 
98 ojliu) I) jji!l ^y> (_$jj.5 jJ^v-Xo 1500 °C ojl j>- jjp JjLJI 

I ^ olki^ j\ Cj ^J% ^ 99 Jl 

tdJUS JUo .(^Jl J 99.5 -L>- Jl) j-S\ JkLl, jJi£JI 

*Ju J (j j»j t ej-*a)u J>lj4>-I J 1) JJ-Jl tjk~j 

Jj>-Ij Js O JJ <U^-l))JI <bt~Jl .‘dakp ^ki Jj o 

“L4j jk j»l ,4 _pL^i J_SvJ 4-jJ-L«J| 4j>-jjJl Oj_SjL*Jl 

^JklJ <L)li ( Ja jJl t_Jl Jj y>J I j&l jj^o Ja3 kii-) ijJLikJ 0 

gbj\j I J . 13 kWh/kg Jl UL^JI iilkJl ibl^i-l 

. 1.6 kWh/kg jIjJL«j 4j j^pJaJlj lijJJcJlj t SjJJcJI kj- 

J5Lio Silk)l iS*>V^xl y^~j> JL is- Jl iLliJl jI j^Jl 

. Ja ^Jl C_-Jl^-flJ ll) La I (_£ ^J>cJ>eJ| J J ^^Jl (_£~aLwa! 

I kaj .oUUJ'yi jJk J-~a 4lJl J 50 ^y> olkll J JLaillj 
LjJLj I j ]a p~ l *g il ( Sy>^ Jjl t jl .,<g a U ij— J <Ws J ^ la »_; 

.jUpjJI J jJ liflj tJJ Li Lads I j 

aJjiJuJl jjiU — II Jl AjJjsJI 5^-jJlJl ji jjiL) — 11 2-4-6 

aLs< 9 ^»Jl *L»i 4>- jjJl (ji 

^ivsj^Jl UAjIj) ^ j»l jJ-z^yd 

O^ikLJl jj-a (^' o_^SkkJ I o! i — ^>-4 t((_$ 

C - 4_Jl«j<J|® —I k_3^-*J 4_^inJlJ 4jjL»ja^>Jl <L4jjkJlj .4jjJl_«Jl <L>-jJlJ| 
0.5 Jil Ljr ~>- p->^>) jl^kJl Jut; . (Siemens C-process) # l _ r ^* r J 
k>-ji JLip J^Lia ^ kjlkll k>-jjJl (ji jjSLLJl t(mm 
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*yrj J (HC1) dJbjjK 400 °C Jl 300 °C 5jl 
(Trichlorosilane jJ ji3 3:>L5 ^U^Jl 

^-^bJl JjL«vJI ^>/g >uj .1^— ilSCa oljLiJl • H2J (SiHCl 3 )) 

(1) j_5Ls_L^Jl . SiHCl 3 3J_*JLa 

J-£*L<La ^ SiHCl 3 ^JL> 

Sjl ^>- <Cs>z^~A <LJj5^L-a l) L. y23 ^]1 (1) ^SLLJl 

3 jJg->Jl 0 . 3j jUl o3-L*JLa 4-o-^lJ cjL^w*- ^_Lp 1.000 °C 

JjV I 4J Uj Jj cJaJi iilkJl ^ ^JlSGI N c^Vl 

.((Green 1986) J \Si j iuJl J 37 Jl ^) U~~a 
j*JL> (EG-Si) 4^Ja 4j>-jjJl (1) ^LuJ 

^bo} olk^uj ^ ^ ^ 3000 ^1 ^*“) 0 

-La £>j (^^La ^L>cjI ^^5 OjLipI iJl^Jj t 4^5* ^a ioLwg^S" 

jUp^I ^ cjlijl J^a JlP .iWU J,l£)l 

^lap^j ^JJl t (SiHCLi) ^j^LwajjjJi^ll - oblij 
qa a^xjUI ojl ^>Jl ajJ^J ^Sj . (SiHCl 3 ) jJ-Sbll _ 

ojliJl *Li! ^ o^LUl 

(Jl-LJL*-al *L^ ^-^“1 Cj1^lLL<>J L^l.Ap-cLwal^ ^ll»Vl 

.29.8 kWh/kg UjJii iJUl olt 3U0I JbJLj *£>Jl 
U^JI ojuh o! ^aj . 114.3 kWh/kg ^ U^Jl ol^J ^sL^SCJl 
i^UaJl iw>-bJl J < LjJbJl <Lw>-bJl ^a I <LJl^aJ jJ (Jl^J^ 

^3 j*S <Lwo-A>l Oli oLws-*^*gJ £-3 jJ 'y <ul t Lv 2 -j 1 

.<CaI jJ| Aj^L^3 % )I I l_3 j jJaJl 

ojjlJl j j5sJlJI 3—4—6 

jL jg43 LjJJa^s cU-Ja iJj j^Ssjy I 4pUygU 

LaLo-) Uli^ J t L^ajl Oj^J-Jl l )1 IwwfeJ ^Jj t L^Aj l)^^J«w*J| 
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ipLv^J Jl 4 jL jlsJ\ m( JjjLi\ <t~5" y fj] yo 

. (Czochralski) « l5 SLJjIS'j^J)) aJL ^ LjU>J o^LJl oju* Jio 

y# *JU y ^y <Uji ^rjjJl O */Q yj 

^-L>eJL^v-j C cLwwvwo-*xJl . 4_jLlJl ^w>-x_i2JLll CjIj^ I Jl>- 4Ja.*-w*j 

. (p-type) ^ _ £^Jl ^ jjjj_Jl olji o^Lp 

o ojjJj l) jSCsLwJl ^3 4 j j j\j ojJj 

oj^l-Jl <Lob-Vl j Lwyg-Ap .0 j^a o^Ul y* p-Ja-o 

(J jbj l 1 30 mm ^\ 125 mm yy L> ^j\jy y>-$y±j <l>cJLJ| 


; 5 j.>M v 


' (^>j ■ 


i Jl lJm^U 


C-^- 


L>-ji JLLp 5 j ^ ,/g LoJl o^LJl Jlp JiLLxJl IJLjJj tmm/min 

wLsj>Jl (^jl j_>Jl <Jj_*Jl ^yL>~j . 3 J_> j_p oLpLwJ 1450 °C Sjl y>- 

^La-Jj^lL ojl y>*}\ (Jliol 4iliaJl ^3 jyS J -A3 jtJ t |j->- 

^j-p Ja^3 j-oJl o^Lj y£syj . 0 ■>/?;> . 0.11 3:>Ul ^Ja +m ya ^jl y > Jl 
212 ^Ia3 Lplwa ojl t t^wwa^Jl o^Lj 

y&y ^IJlpxI^Ijj . (Aulich, 1986) ^Jajl <.(<^y 8 ) mm 
^A_p y^ Sj^pI ^1 (jLw*“^l Vw-LpI ^y SjjJ^Jl u L « /? 4 ! I 
clUij t(3-6) J^*xJl ^Jajl t (ojj J^> olSjL <upLj) ^-{y 3 

. 4*jy/?Z.\ y ^ I jJaX^Jl o^LjJ 

<l3JaJoJl ^ <uL jJa IvSjI c i ^SwJjl5'j-*lJ 5JL jJa iilv^^/lj 

3*liSC> 4 ^^ 0 -J. ^^xJl (Floating Zone) « 4 ^ilkJl 

*LJL>- y-J>TL^J 4j5_L>“ J^ Oj jJlJI O^wL^JLo iwJl^-3 4_^>- ^_) ! 4 _J Lp 

AJblS ( 1)1 .L4ax^ ( 1 ) ^^J-wJl ^^-o-P j.y*/2J 

^-w^>Jl ^y LfjLjji <JuLi ® j-^^uJl o^LJl ^y c-Jl jjJl 

iiJaJw^Jl .3 j_^_va_L<Jl 4 a)a\*. Il ^y j JlSJu L^Jl SM t c-Jl-vaJl 

cSj^JlJJ ^l^Jl ci>Jl j*j J^15C!L ^j^Jl J> Jlp 0 ^^uJl 
cl--w*-) c_3l jbSl ^y Ja^j^l ^j^Jl y* ojjJJl ^Ij^l 
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^ j jLJlj aJw<>-p .(L^-'y ^j\ jSi [^xl si jtJu 

l) ^JLL) d->! ^a oJ-P od»A .(1 ) ^m-oJ (1)^^ 

b> c aJLp iSLW ^Jl_j ^S' 0-3j <ui^*Jl ol& ^h>J .^^jLI 5 j j .»/? > 
^JLJLj c I Ju>- <LJIp ((<LiliaJl 4 j>Jll<>JI L^L>cJl J^c>«j 

,AJL,/gi!l 0 U.J 3 .jl ^S' ^L-l J^Jio ^jjb>s-a jU 

^Jl 4-wJj 4 j>-j*xJI 4-4-6 

ojjlJl xbcu 

l >,/g J (EG-Si) 4 _Jlv? j-^Jl <l-J> 4j>-jjJl j j_SLLJl *0 

J j q Am > LUS J-*_> y-Ai jj> t j-^-j t a > *s~o 1 g x Oj>*J 

^ . oj! jj>cJl <L>-jJb £_a ^*Ju jj-LJlj . 4 _Aj jj 

^LJI LUS JJLa l^jj L!l*Jl Sa^Jl La ^jUI j^SLLJI ^Jli! 

^jLSLj L-j -Lj>- <ul ^1 C ^Ls-sUaJl ^LaJsJwoJI j\ ^SLL jLS” j-aXJ 4_Aj jJaj 

tS^ oJL>-lj o jjJu ^ Sfjuj . (1) W L^U- ipLv^J 

(Jjj<»_5 . toL^-l jl t 5 Jj o oljjJb llA i JljJi!l O ^Scj 

oJlpLL SJU_pI J! k_JljiJl ^ha’, . 0.5 kg/min y» jjl^Jl 

jU^jJ tiijj .(2-6 J-SLiJl ^iiJl) gS\ jJ, ^1 Li^~V j lijujA 
^y> (Silane) ^JuLJl ^JLlaiJl i (Wagemann, 1994) 

ojJ i iSUaJl iw~Ual« LjJ ojjlJl oiJjtl* olilij ie-bv? J^-l 

jJLj £j| i^J) Jl ^*5J1 SbLi litJl ^ 8 Jj3^> 2300 kWh/kg 
.(5-4-6 j^iJl Ul! ^Jall i (In-Hole Saws) 4 jJlJu5 


;*U S Jl c-i^j 100 cm 2 i»-l SjjJU! U^l (1) 

17.8 ^ S^USJ iJLwJil gilrJlj .(Sharp) VJ Li IS j^) all J 15.8 J iy t- 

ijUJ! Lj^UJJj (UNSW) jLj ^jjL- ^ i«U-) 4 cm 2 Ui- Idl J 

. (Q-cells) - U^i-I HI J 15 Jl_^ ^ S*US Sj^LJl SjJbou 
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4_ Oj-Ss-J-L^ (_£j-Ls (J j_L>c-3 4j>JL*_«JIjj 

iJjiU ~M\ y. 200 kWh/kg Ju» Jik l, t (iuJl ^ 35 jji^) 

i2ll— >Jl jldkL«_j ^jl j— Z> oJ_c- ^]| ^JajlJlj (_yi 

oLiL>:^; L*a^Ji» (6-6) JjJL>Jl ■ (Multi-Wire Slurry Saw) 

V^JI L^UJL] *L^J\ oUUSOlj j ^SLLJl iSUaJi 

.ojUI dlir J\ tahi-l 

(Schmela, — U 4jLb ^ JI J jiaJ aSUaJl oLUaio : (6-6) 

2000). 


<VM' 

J^ail 
(2 SfliS - 

r 1 -^ 1 

(kWh/m 2 ) 

I 

#1 

(m 2 /day) 




<18 

ai 

ai j24 

36 

30 

80 

3-2 

200 

(fz> jjuji aa 

v* <is 

a ^22 

48-21 

40-18 

30 

.0.6 

150 

(cz) 

^ <14 

a ^ is 

17.9 

15 

70 

.0.1 

660 

(DS) oUll 

<14 

HI 

a j is 

35 

12 

600 

2.1.5 

350 

(EMC) 

j <is 

a j 1 ? 

200 


' 

20 . 12 

50 

lejHI aa 

J <14 
ai 

a j is 

20 


20 

20.15 

800 

*?Ji\ jii _jji 
(EFG) <£^11 

j <13 

aj is 

55 


1.7 

20 . 12 

80 


J <X1 
ai 

a j i6 



>1000 

6000 

200 

:^ai hUt J -fx 


. SjjlJI j-jjJ tsllaJl 1 (1 ! 

t^lSUl^U SiUw UkJ SiN x :H ^LA tSJ.tolU dlk Jl S-u^-ll l^Uii (2 

. isil 1,5 jluioj ^pI 0_jSj 01 iJi-l oUU5 Ois 
t GT Solar ^ ^S0l ipk-jl ijp JJ ^ i,juL.) 12 kWh/kg ^ U-ill (3 

.(2006 
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(ejjlJl iJxuJlj Ajil>-Vl) cjIsUjJI ^hj| 5—4—6 

(1) y£-> d)i J **Jl ^Ll>cj t A»J> j-vaJ ^P^Ll 
^Ja-*-a L j^L^La')! JJJij aS’Lo^JI o j-A ^jA ioji jl JaJai 0.1 mm aS’L^u 
^J a3 ( j^oj t I J-^Jj .^j^wo-jJl *t*_Jj| £jA *Loj^LoJ| <U^-j-oJl 
.\+~* a^UJI (olilij) ^cjI jZ J\ (v-JUJO Jb-I jJl j^Si\ cijA 1 ' 
^9 wL A£ ^Ji f^^yj ^ 1 O^j-UL^woJl iw^JL^Jl ^-s-J^l-La L— ^i-PI 

5iU jJl cJlSl £1 yS) 0.45 mm aSIS ^JJ iS'lw Jil J^p a^JI ^ 50 ojJi 
. (2-6)j (3-6) t(SjjLII o^Jixia a! ioU4 

olilij ^LjL ^-o-wvu Ja^LoJl _ dlLJl jLJLLo A^jJjJ 

(Jaii 0.1 mm ^JaJLli ^ Jii) ^Ja-lJJ ^5 (0.2 mm) ±Jl>S\ 

aL/?.^ J (1) ^LdJJLwal J^a ^Ju1_Aj |*A_A^ *(J^® Aj^) ^-L) CjI_A y£*J J 
ol_La OwLp £_ki J-Sn-w tdDS ^^Jlp Sj^ .AiUaJl liM $ : ^1 

(1.6 m <J> ^JUI) aJuSI ^JUHl . A*Ju cijJl J olili ^1 

2^4 LgjU O^j JJL wvwoJl jySi\S*jo Lai . olilij 4j>o j-siJ 

pJo t Ja*>Ljl _ dlLJl jLiJwO ^ .A-^JJ CU9 jJl ^ JaJii oJj^Ij aSUj 
A- ja.^1 yj 200 km <l ) ybj 1 0.18 mm aS'IwOw^ cLLL*^ J^a 

L_^JJi o (taLLLwvJi LoJwo c a ^>- y d^Li ^Ja^»i 

|t->s->sj o ^jgjgil a^Lo-p ^ jj>o j . 5 m/s ap 

J^aU-t5 ^JaJJl Cuj J^o-*_> .^Ja_iJl CUjj ^ (jJ-x-a 1 12 fim 

(1) olili j ^jLaj^ . Lyajl ojl j_>Jl (1) taLo 

.0 ^-5" AjLaj l^_x«a J^alxJl aJIp aJ^ULa >. — aj>o'y I 
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SjjliB ^jul sJU :(3-6) Jiifl '.jjLS u*. :(2-6) Js£» 

ij-H t* to* <f-s ju jc -to* ^ ^j 6 - t 1 **^ 

cpj^) Sjj-I S-Ji. ^ jasjB 
•(uJ> HMI ^ JSijiU 

*jab4 U>U- SjjJlJI JuaUty olili jJl 6-4-6 

sjAM 

djlili ^Jl c 4_I»pli oj jUI <Lol^-l 

: i/bfl oUu^Jl 

AI2O3 j%-pUl ^oJlJl) KJJL/2JU <da-^l ^ i,., Lla::!! • 

£-kS aJu^ <U^ ^JJl jj-sAJi iJljN (ilL>- Ja-wo ^5 10 Jim ^^4^“ 

i>" cP^) ^ g—iJl • 

ajs* la ^ J.& <LyS> ‘wws^* jJ ^j_) j-SvJl! ( 0 jJL>- o^U-S* KOH 

jl) (Antireflective Layer) J? j-ya.ll ^LSoo^AJ 
400 ojl ^>- Jj>p LawL^Ij^ ^jaJ! Ta 2 0 5 ^1 Xi0 2 aJ# j**>j 

c_3l jJ Jaj _ °C 

AS' lw? A*Sj3j C 4jI ^jLwwJl ^-*-mj 3.] i ^^3 Ij 2 ® 
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Oj_SJL*J| Jj Ojjy Jl i— il yg i t 4-jjL~-»il 4-»-*^»-JL!l <ulil-l 

. (p-type) j> _ £jJ olilij £-lil Jl ,j,i!l y>S\ t yyzA\ 

(n- type) y - £y i_ol yi> iJLiJ i A-Jli— ^ jioJ 

j»JL><jL^II c-JLiJl j-a jjjL- j-«JIj t (p-« junction) y - ^ «Ju 
Jilj jlf- ^ olpUi JL.J pj iIJl>- ixjLiJl oLJu-*Jl ^ .SjIp 
jldL. [y>-y>J t(POCl 3 ) l Jy r ^S')l\ djJJ-LS j!>U- 

^lg 4JL»]g j-o-> (J,| 1 J-A . olili jJl <U3 jJo 

-LLp y^^ j y^~^ y^^ ci^* ^dgti! djLiLi ^Jl 
Jl JL-SSlI iiJ, ^ jy^ jil\ jJ^y 900 °C Jl 800 °C ojl y 

jjjJl i ^i_IaJ C 4JL3.5 20 j_*_; .(1) 

4j!»3j <mIaJwa jJ 43 Li I AjjJgjJj ^3 l)^j ^-J l oj! 

(-5 L y2^j> - £j-Jl ^_y° ^LJlS" J^SsJLj 

(Back-Surface Jbf jJ yJ Jjjjj j (j -p 

<j\) (Emitter-Diffusion) _ jLidJl» J-tj-b Field) 

.(900 °C ojl j>- js*& (^^jLiJ! j jJaJl jLdwbl 

(jj_> ^Jg y ^~^ y^^ gW-jJl) j y* 3 -*^ taL^w^S"! ® 

i— -. 1 lg 7 lij <. 60 °C 20 °C 5 jl 4 j>-j^ J_lp 4_LsLw^ 

.JLUJJ UJJ-lj iJU-l ,|_^Vl ^ o^L^ll 5JIJL pi cpVl 

oJ-& C 4_jjLs_xll ^3 ! «UjLjj^_^J| ( Ju ; wg jjJi eil jJg! iiL^gj • 

^jj>s-w%u C 4^L<>-?«Jl oJlA ^3 . ^-w>c_dJ|W po^L) yjj iL<a-*Jl 

j! Jl ^I^JJI Ji {(Al) fyAS I 5iU t^JJl jJliJl 

V-^lJl u*5lil ^ diJi Jby t^jJLLII jU«Jl ^L‘l5^ 

J-w? jj i si jisl .jpLj^iCll Jw> jjJJ li jis UJSLo ijj*yi 

^Ss*xl*yj .^J)ji-I ^Ja^Jl J-alS" J^ 1 JjjJl ji pj t 
j^wi jjp i?^.) iLdj ‘LwoLo'^i jws jjJi i_ji jai j-«-*-! j-i=> 

<lJ-o-*JI oJLa) 4-^.^j-dJl ^ ^_L*Jl ^Ja-wJl J-^" a* 
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Ti/Pd/ oIp ^ La o>aAo-J.I Hill ,(«oSLaJI HlJaJl SJu_p» 

400 sjl j>~ JJ-P J— *3? i 9 I JpI -Odj Oo l idU.3 -L*j . Ag 

.«•! jH-l OH i*-il oy ^ 3 °C 

H> j-d>J Jj^Jp j*^d (_jS j -<9 1 1 jj-oISsaj'A! oiL^ail ‘LuJaJl • 

1 _ J i . 400 °C Sjl jjs- ip-j^ -Op U-oJjj £1 j_«JI ^ Ta 2 0 5 jl Ti0 2 
o ^^-L—Jl ^l-X>o-*l <dj.H-l o-oll c j-yplA-1 o*3 ^Jl 

.HI ^ 1.5 jlJOH U^ 1 oUUS yJl (SiN x :H) 

OL*iaJl ( J_4 j>oJ| - lj'5\->JJ jll ^y2J>o«Jl ; ^2->o«Jl • 

HI >! j»LlxJ| oloo _ ^iHLSLlI ^^HJI .^LSHJ^U HUJ.I 
4-fi-l - jloJl (jHUH- J-poH - jHj j4^J I . J~o> jl)l 

Jl LMi-l H-oHj iAM 1.5 ojJii filial ojL~o HpLxHI jop 
. JS ooll Jalpj o jIjJI j-^sj3 jL" HISoa ojIc-j^^- 

: JjVl HUJI ^ ojLJu-xJI o i*J HL^JI iilkJl ibV*od 
1 1 16 kWh/m 2 1 y jl\ ib^od j toUJl 5>L« ^ m 2 J£ 216 kWh 
: ^Jliil iJUJl . 12 kWh/m 2 ^LU'AJl 3 jj _jl ib4i~.lj 

39 kWh/ 3 ji ji\ ibl$od j <. 102 kWh/m 2 HL^Jl kilkJl i)*l*o-l 
^5 Uj ■ 12 kWh/m 2 jop tiAJ JJH 4 _^il_U'>\Jl 3 ji jl\ ibl^oJ j cm 2 
.jpJuJl ^ oAL-pJl oIJ *>L vaij ji5l JliHI jJlp J j.,g>Jl 

t(_5jl*Jl jjJaJl jLiol jLo iOjUu-*JI ^y> -Aj-L*J| Ol £y> j*-P Jl-; 

Hfi23)fi hjj Jlhji r ijnonyi ol vj mJu ^opU ^ 

iilkJl .4 j>JI*HI ^ iSUaJl .iS-A^od 3-13*0 

^y> j~JcJl J*Ap- ^ J 2JJ3 oL/aVl iJUJl ^j-o ojl ^ 30 Jj oiip- 
(Hagedorn J_JHJ oLjJ ^.jjI ^1 SJlHj OjO jHHoll o jJo<I 
t^loJl j-JoJl Jp> ^ HLkU ^LH>I .1989) 

.4>Jl*pJlJ 4j jJ.jp -o.!l iSUaJJ JJtlj-o ^J| . . .of-Lvi^lj t Ajj^lllj 
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ei-LxJLo i ejjJLJl SiJjCuJl CjULs jJI 7—4—6 

sjAM 

4j 3L>-I <L™<w 4 j 12L‘J ojjJlJl iOJIjCJi lj*A>- ^lij| 

(Passivation) <<4~LJl * jL-S"P> ^Jkj <JLj>\ 5 jkp-iwJLko^lMl iSjJUl 

. bj jJJl 0 ^-XaIoJI S-iLoJJ 4«**>cJl j 

.KOH J> JL^bU JL.S3I yU-l Jd> ^ jJidl • 
jb _p LjjL £■ '. (c^-' pLJI jL2Lj_>I) c—ol ^_J lJL) jt— ® 
O ^3 ^3 jL^Jo'y I *_> <. 4 j^) As As > <u5wZJl 4pL*ia)l 

(_PJh) 30 min ^ j-^ai Sjd 900 °C ojl j>- h?ji JLp- A y>J~\ 

J-Xoj t oi jJI ^ _ (0.5 (im Jl 0.3 (im jLL^I j^-p Jl 

JUJI jlisA Ul p 

.iJlSL- S-jLx>^ 5 4j^P (_£jjji*»jjjJl ^bj-JI SJljj • 

Loj*>L) olili jJl «L^-L*-a : <jjjJ-JI 3jJj>JJ 4~_L*JI • 

. 30 mi n 5jd 300 °C ojl y~ Z>-j} JL lp (J~rjjJJ* 
^yikU *>U) LSLjJI iplJaJl : LSL^Jl jJI jl >! iiUI • 
(Ag JUaJl ,^L*Sfl *>H> tAg/A1 

(_£ j «, <a 3 ojl jj>- 4 j>-j.S -U-p) «•! j^j-l O-^- 4-*_Jil j jj ^^3 JL-JjJlj 

.(20 min SJti 700°C 


4-SLaJI <pLk!l 4 -Ju.p Jj Cj* cr -’l£*J*A! SjLjil a1AA\ • 

. (20°C) 43 ^*Jl ojl j>- 4>-j3 -Up Las-Ujjj TiO x 4aJaj 
oiLALl 4-iJaJl ! <LL>JJ J.I L ySj>^aJ\ '. ^ya^jsJl • 


s*—i — 11 j t (Antireflective Coating (ARC)) ( _ r oL_SL-*_J*>LJ 
l_? <■ J— *jl Jal ^lu)l 4 j1jj« i ^5CoL^J.I 

4jjL«^3 4—pL*_jM jljp jLfJj-l _ jLjJI ^ajl ajq •>- ; SJlAJJ 

ry> iiilScjo o I p J l LTAiJ-l 1 1.5 AM ojJli jJaJ 

. JSLxjJl J^oIpj o ^ sIjlJI J -/23 jLj <2~>- 
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idiij ^jS- lJj>- oLJ-«j<JI oj^J <L5ljy5^!l ollaJl 

^SyuJ yiL^Jl iilkJl iblyd : Sj^JlJI iyU-I Ul L^UJU 
iHyLJj c LJuiJl y. m 2 JdJ 213 kWh y, J ijMl dUJl 

. 8 kWh/m 2 y yld'AJl a y ^1 ibkyJ j c 107 kWh/m 2 y» ay^Jl 
i 89 kWh/m 2 y» isL^l I iSUaJl iHyd tyliJl SJUJI ^SyJ 
10 y» ylWJl a y yJl iblyJ . 34 kWh/m 2 y» ay^Jl dbLyd j 
0.2 mm iS'L^ oli olilij .(Hagedorn, 1989) kWh/m 2 

y> J_Lij jl ~a •»■ LI ySdj t CjLjj £-jjl J_>y>*Jlj Jails 

,k_ivdl jljjy jyj^Jl yd odUtolj ‘y»L»Vl rtillaJl 

ijjyVl y~w.ll L^>sJl ^bjl 8—4—6 

^y^yij/l (1) jiLLJl y» <l~JLpI y^ l^-yaa djljtJl o jj& 

<La^lJL<>Jl 1 j . ^yJ>- ^ j^.^} 1 0 A^w%Jo ^OwUjl 

jl _ ^jjJl ( j-a <L$Li oljJj *la7 oL LfJ jwj S^Uli ioLj^SsJl 

<J^>- jLjJl ^j-a L*>\j>cJl oi_A ^ ~ J ,j» _ 

A*JL aJLIs* £0 ^ ^yj _ ^jjJl l-^->- <uJj AA-i? (J j-s^>cJl 

p j-vaJl £*-*->■ Lj jJJ (J ^>\ ^ L^j a_SL-*_^ (Intrinsic (z)) 
aJ-*^ ^J l ta\J ^L^Jl (Jl>c*gJl . p-i-n <cJu <. Ja^L^Ji 

4jj>c-*xJl O^taU*- ^<>j>6j I J-pLvuj i _ 4 aJa!I (J^Ai>- p-Yl 

i _ AA-JaU <L$L> L/g.OcJ 1 C Ja>Jl a- .Lo ^ 

a- j-vaJ ^a L^ApxJI oa-liS* J^a 3 a-j^aJl ^j^Ua^al ^ J& 

( j-a t 4J^a ^2 _L>«jJ| ^j-Ss^o-) N ^j_5sJ C <lLs_1_Aj I J_A 

Lo-S" c yJl jJaj 4 _j Ll*_j ^_Ss_>cJl!! 

.k— i>Jl i _ oli L^a J5 to^JuCa o*)U J 
aJ ^SLLJI v^JI iJ^JJ jS/l ^ IfU^J oa-liS* 

. ‘Wal jla aL^»j ALoJl ^3 13.6 A^ijj^^/l 
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J-° eL-sil ip j ./a o. ll ‘ U -^- o — tJI Lj“>G>eJl ^LoJ 


9 - 4-6 


(GaAs) ^ jJLpJI JL^sJjj 
1-La- ojjja-a GaAs 4™i dJ-ljLoj 

jjjSii ssplji oi-sjjijJi sjUJi oi^j fUx*Mi 

o-i^J Lo^JL iJl^oJl o GLW i ,_.. JM ij . C— ’ V'w^ ^-oJl oLs-Jul 

aIpIaJI oti i <tjLJaU iJbliJl oiLaJl 

£-LuL>) pJUJJ 3 j jJl>«J| ol Sfl . GaAs Jl oju^I jJ 

iJiA- SjLo LoJli o j-Si— < GaAs jL J^LSo ( 1 a at 30 tons/a ^1 y>- 
SjUI jIJlLo ^Aaa- yS yd\ ioJaJV .$JIp i— »-i 

^aJl <U-JxJ o isUaJl 3 ojJ-aJI ^-IxxJ i jJliioJl 
j^j |jj»- ^sii_ ol LAjI GaAs 

£_sAj lIjUL-Is 1? 3 9 k_JJaJL> IJLjJj loiLaJl ^1 LfJ J-2~S 

t ioLJl <bi„]aJl ^A oiLoJl oJLgJ ljl>- 4i™Jl 3j~«Jl .CjD j 

<SUaJ| <u>Jaj| ^y> j^Xo ^IxxJl jU ^JlxJljj 

.ilx*j l^va^tS < GaAs ^ 
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. olilij -LSI JU Jl aSUJl : (7 _ 6) J j-bJl 



W 

(m 2 /kg) 

(kWh/kg) 

Ui- 

(kWh/kg) 

^4/J- 

iUj-U 

(kWh/kg) 

ji jjSU- 

M» **■>» 

(kWh/kg) 

a>li 

Aulich [et al] 1986 

0.38 

5 

150 

416 


JjSU^ 

bjUf 

Aulich [et al.] 1986 

0.38 

5 

150 

J$> ™ 


Palz [et al] 1991 

0.856 



200 

20 

Hagedom, 1989a 




100 

20 

Hagedom, 1989 




(-29.8) 

14.6 

(a* j VjI) 

0.38 

5 

25 

(139) 416 


III 

Aulich [et al] 1986 
CjjiOJt yj/stO 

> 0.4 

< 5 

35 

(139) 416 


(J* jHI 3S^0 

> 0.4 

< 5 

? 

(139) 416 


Hagedom, 1989a 




100 

20 

Hagedom, 1989 




(-29.8) 

14.6 


0.856 

20 


200 

20 


25 : iJlill 5JU-I 4J S-b-!j J-i-U t2MW p /a : JjVl UU-I :oVU-l 

.^tsyi Jjii; oy ivjl i MWp/a 

(Cu 2 S-CdS) XsjjS _ ^Udl jl fjjS L*>U 

jjla.llj Ja-j j» ^jjlJ CdS ^y> 4*l./9^}\ ' L*>UJlJ 

^y o^jU^Jl ^ JuJLxJl illi* cJl5 dUS ±u . 1954 j»U 

L*5l><Jl oJ^J 4li*)Ul Sj^Jl .ojLoJl ojjs JJ2L^J AjjLsxj a~L>- 

djli Sj^-LJl e5j-^LoJl CdS oV J ,L^_*_Jw2j ^3 ^iJl ^ !l 

C l ^ - 1_P ^ ^4>-l 5 ! yA i • - - u <Ul>o 0.iL5 Lsz2j I A^pljJl OjL^mPicJI 

yS^i .A2u>c]Jl o^LoJl oj-A 0 jd \ ^LoJl d-j|jLj>tJl .lillA 0 I 3 

IAj>- oJ_£>IjJ| iijJaJl L^jI lP'j-* LT® 'j-^J 4 _aj 
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-Jl y» U!>UJI o-LfrJ W a~~JI 

II L*>UJl LfSLbuJ yJl Uv’l^Jl aJ iJLl-V I Jl UjU^ilj 


( J (_J y-V I e-ly-Vl iwiJlSsj ^waj t Aygi:>JoaJl Sc-LoSnJI o-Jj .A-jJJ_*Jl 

twiLJl^jj .ili^L*>» y^xj> Aj JLJI Aj>-l**^aJl oV A^aJfcl yS" I ^UaJl 


ioIpJiJI Joj c^SyJl J aJlLJI dU: Ji>. <. ^UkjJl jlyl 
^3 ^JzZ JyiJ I j»UajJl i ^-Lp * a 1 ol 
j»ljL><JL^I yl^-j^ I yo AjLs A_oL>t>i Ij*>L>J| O-iL? J AjI AjJ-jJlI 
10 o«-LiS\Jl jU i3yL#l oJlpUSj . JpI aaJlSJ Jp! Sc-LaS” oli L*>Ip- 


jJ J l^_) ^c-»L**Jl1| Lo*j^j yJl ^0^/1 J->tJl ^y kaj JaLoJJ A^LoJl 

. (Green, 1982) JjUaJl a*-» lj i>oy J j-2d J isli» 


yJeJl a^JJI ^bll 

(PF i-J j-,^iJ JJl j j— < jly4 <■ (P. D. Maycock) : £>■ yjl) 

(2003 l market update) 


fcll J 58 

oljjJJl ^wbdo 

i jjj-- 

• 

^1 J32 

OjjAJl ^U-l 

0 jjx 

• 

^1 J7 

AlS j}\ <JLi 

>Sfl aJ,' 

• 

^1 J3 



• 


A-j j*/3 ") JJl oU JiuJl ^IsJl 5—6 

jljl Jp V~^ aJ2>- o^-Ip yol Jl o— y Jv’y Ji 
Jp oilp (_j yJL a^:^.!l aJJI (_gy>cjj . L> 

j»UJJl Aja.^1 y dUj J-*_) ^j~wO*)VlJI 4-J-o-P j»JL) . Ap r l g 1 A A d)*^-^l 

t y>L>Jl oJjl J .Jy^Jl Ol^S/L. (»L>JJ| j\ JaUl 

200 _ 100 (im a 5L-J ApJaJuUl jAiJl il^USlI y yj 
J 38j t(Sn) yJlyaS Ai«J I J 60 y j Jdj A^Jy djlG> t([im 
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l_£ J * Jl jJJj j»UJ pi) j . (Ag) <wa3 4X«J| 2 j t(Pb) ^yslv^j ii»Jl 

j\ i^LJl f-l j^Jl j\ t j^>Jl i*-iVl j\ n_~*JUl ik-l^j 
t J^J\ ^Jl ^lixJ .S,|jjdl oljUJl jl tjjJJl 
Sn iuJl J> 96.50 l~~i) Jblji. JSLi, I ^UJl ^ JJ* 

^^Jlpl 4$C™Jl 0 JLgJ jl^vaj'yi ajl j2- jl Si I tAg <cuJl ^ 3.5j 
i. jk-JJ ^L-Sll J~JU ^JlJlJI ajl* y 12 Jl 3j . 40 K jIjUUp 
^j^sAll^jiJl jJ^aJl ^oj>o ^Jl t ( 4 - 0 ^-vilJ^jJl 4p^ig«.oJl _jl) <*«^a-jJl 

43 jiyg-o t jUi J-^l jj- 0 .4_™Jlj “jj^>Jl J-°l_j-*Jl jr° 

43 I ij jl ^U-jj t jLjLwjjLj t^oLol ^jJ 

^_*Jl l-J-^J \>Xs >- ^jl_j p A j>cJL~v_pj I ill «" jjJl . 4 _^jLL>- 

^JUJI iilijj . (EVA) ^JJ^I _ _ obj-1 : iJ >S-JI ^jJl 

j! ^JjuxJI _ ^J^l - ^JjuxJl j* Q**, ja LJIp 0 ijSci .yULkJl 
^jUJl ^jJl jja (Tedlar) ^Jjl^Ij .^JjuxJl . ^_^JuJVl _ _^JljJI 
. (PVF) Jj^iJl 3 JjCp JujjJlAJI pUjJ 

^jLiLoJl 3j/^_fiJl j\ jli?L) 4^a^_laJwpJl 

^lp ^ j/l J 11?! ‘ £-p j)-JL^ijjJl ^jl l I J, yg U 

jj> JiG 215 kWh j|jLl«j o j^J\ ^flsJ)f ^L^JikJl olkJl SiLj 
IjLfJ .((Aulich [et al.] 1986) ^1) <j.j H : ,» 11 ^ 

oL» jJLl«JI J\ t (^LJL£Jl fr. J_JiiJJ Ujj) ^yJl 

^ . 5 ^Jl (jLa-pl .JjI^Ip 4jjLla)j\Jl 4*j ^jjJl 

t c~—ij J_wolj_s45 4 lg «^lj-; o^Lp LoLc-jJl 4_j^J c~— ijJlj 
OjLjL*-oI^ iiUaJl cljl-JJilp . C- . > pI ^ImL>c^>p»Ij jL^-jll 

oL« jJiLoJl pIjiAjl^I <J ^jj> j-^-5 j j_i j5D\ jl™^5I (_jjI-j 

.^Ikl^U! 
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La (GER) LJU^AII oUJl oLJlLll. :(8 _ 6) JjJbaJl 

. (Alsema, 1998) 




ollL-JI iia 

(MJ/kg) 

(kg/m 3 ) 

** 

Gelen, 1994 

EU 

lJLs»- oJL^- 

15 

2500 


Worrell, 1994 

EU, US 

W !4ar 

190 

2700 

'~r uL ^ 

Gelen, 1994 

EU, US 


18 

2700 

Sjt fjr 1 ' 

rEi 


IJLs»- oJu?- 

220 

2700 

(■Jr 1 ' 

sjflftf glUa 

f^ ! a-) 
(^l 


EU 

*14^ 

75 

900 

. JjJ . oU 
EVA 




115 

1800 

aJ^. Jyjli 
PVF JjJI 


.LS^Vl UrdJ olA j)\ = US yjjjVl ilaiV! = EU 


£rjh " ||^*H 1—5—6 

_ L^i- _ EVA _ ^U-j) La jJauJl o. cJJk ^ JJl ^ >)l 

^r. i v? 7 _ EVA _ _ EVA _ £-U j UJj t ^U-j _ EVA 

0_^J»-l t iolpj .5 jl JaLsAll j»ljj>al~alj LLlAJ ^Sj 


^■l yg t 4-LaL^Jl ^ j -.fg X 1 1 <L^La»P a-Lljl 4_P rr - j? ./g 7 

^JjLa c ^ ^j>-l L? . (Aj C EVA .li ^lA-a-Jl Jl 


(curing) K^LAj^I)) j?»yg c~>G ^LAj^J ^J. ,,<g j i a o 

jl^>- j) L5 j^AwiJl ^ ojjjJl ^joj {yt JJJL lai-A c~>o 

j*y SiUaJl ^ JiiLaJl { j/?a>Cjj ^|Ss-sXo 4 £L*j <olpi ^SCoj 

- ^Jwwwsi - Oljk-^l ^1 .Jj^-j ^\ ^ll>6j *)l jl^j>- 

^Ls^jVI <lL>- jjO ^jJ>\J}J^j\ ^ !_£■ JwO-XJ »wjL_L*l5" Jj>cJ| j+j* ^ 
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^ \ L* $JpUb 4 4 JLJ 3 22 ^ 

jl^>- ^y^l ^^9 *X*j L° . WiljLscoJl^ j\ <LL^2jiX*JI 

SJLlaJl oe-Li-S* 4 _w<>-_a! ^Jj I j_la_jj . Jw« Aj j_-Jj ^Ua_Xj 

4_>sJL*_oJi ^LsLxj c (1) ^_> ^.^Jl ^jIj cjIjL^-o'^/ ^^2j2j>cJI^ 

ISOVOltcl AG ojJl ^ 5 ^_JL)l ^jZJLa L»/g-> I 4 Jl>,_L>cJl 4 _Ls< 2 jLLqJ| 

. ^Av 2 J 


KioljJl ojl ^> gJ 1 i>-j^)) 4 jL jb l j-s^L>cJl C^-9jJl ^3 

^j-o obsjJi^Jl ^JJ ^jJaj <■ -L)l^-a J^SsJL> 150 °C 

iiUaJl ( j^o 4_Ajj_laJl o j_A Ju^J O jJl]\ ^_9 ^IjJl 

^jA> 4-1 «/? i XV. ll 4_AjjJaJl cjUJl ^^3j 'Jlr^ ^Jw 2 jdJ 4 -w>-Lo^/ 1 

jl^_>- ^3 Jj-™-<>Jl a k/S * ! I C4-AjjJaJl oJlA ^3 . ^-JLi_>- j-o-f 4j>«JUc<Jl 

j5b <1)^9 ^ ^lvaj^/1 jtJ 

)) _ J^Jwsi _ oli^'yi i>Jl*-<J ^LiU^I 4_liScJl (J^Uj 


K ( ^jJtjJ^-Jl 3 J_xJLa ^j| j 3 >cJl JL 3 C J^jCLv*w<J| ^3 

twJJaJL> ^/ 4 jV t L— Jj Ijj 3 (Thermoplastic Polyurethane (TPU)) 
{y* ' A * 0 ~ j !-$->■ Lo^S" t ^LsajI (*£] 

^LJliG ^bw> Jl>" N TPU ^LJLSG o! S/I .Bayer *5^, J^i 


.^jUcJl EVA 

*L$-w*» % yi - j+ji jjyb.'Z.) ^*£*/2^Jl 4 ^Lo-^J o^\ 

<L 4_Lt>a 1 ]oai J^-oJ oLbl (Jjl Jj>cJl ^ oUfi_*-oJl ^-JLlI j 5jjL>tl!l 

.io jv^l jii\ oLa jjgl-oJJ 03-b>c-oJl 4iUaJl oLilaXo 
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a., t3~\\ jl$g>- 1—1— 5— 6 

i ~ ll JlfjsxJ ^UaJtJl ^J-L!l O j-o (_$ ^jJL 
^-Lp ^jbLJl Ja_i— ysJl f-L^oL) ( 4_J. a « a <Lj ^_p ^ jJl) ^yj2-o— ! ' 

(J-Jaj J^j»- ^ (JjLo'iH ^ j J <da->i|^j ^.i^dl 

ol^iaj>-j .(^jilll ^Jp 1 Ja^jJl '&*. «o 

_ J_j~i - ol^xo'y Isovolta iS’j-i JIS ^y> o- ^iJLJl ^ivaiJl iJu-c- 

v ^ o^T 

. 10 mbar Jl j>- liajjci <1 )^Sj ‘(90 °C) ^ivaxJl ^cu*^ _ 1 

Jju^.;) jjlia 10 Jbli- 155°C Jl 90 °C ja Sjl \JA ~^rji gj . 2 
. (6.5 K/min 

J^.l ol JbLL- ^jj> (_j j~M s-LLxJl 1? * «,<g j*_Xj 120 °C *U_p _ 3 

,^jU (_J jJ-*Jl pji- 1 Jp Ja»*i jJl Iggyg 

15 sjd ojl >1 Ss-ji Jp Jails- 1 155°C Jl J_^g Jl . 4 

6.5 K/ Jj^) JJlii 10 JbL- 90 °C Jl 155°C ^ jb^JU J _ 5 

. (min 

. ygdl jlgj>- ^xsl 100 °C J| <J jJl jl*j _ 6 
jJaJl) «Springborn» IS Jl} Lai j 4_Ju_p ol Ja-pj 

Si : ll £-ij^‘ )) ^j-Jl-J^I _ J-ji-j _ oLi^Sf (Photocap 1996) 

:<jr® 

. 75°C ^jAa/9 + ll j%-5 _ 1 

pJj t 4-Ls^li (Teflon) Oj-i-A-J iSISj j\ ^jOjI < — <lJs\ _ 2 

c 1.3 mbar i ~ 1 1 ^^9 L*_> jjjJ l)j^ - 3 

.(jpUo 3 JOo 4 P jAj 
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it ./} i ! I jl^J- ^jJJl (l bar ) Is * -,o *-IJLjL) y _ 4 

3 jl*_i l ~/s 4) 60 °C «jt ^J-l ^J . ts i ijl ^ 

; (<u~*i]l (_jjlii 8 Jjtj) JuAjI _ 5 
22 : 155 °C Sjl j>- Isrji .up ^pU)l JJ>n - JJ - cA s-Jtf 


145 ojl y>~ jjp ^ ^ j a, I s « 1 I ^ JL)!! — Jjl*3 _ 

. Jij 4 :°C 

.(t> EVA Jljj 'if) ajLj<j i^dl J\ j iJjjjSL pij i gi\ - 6 

.ioSlI SjjjJJ 75 °C Jp 0 jl J-l £*°y. J - 7 

IsOVOlta iJLjs ^p iLjaJl ojj 4_~_J| olibVli-'yi 

K/ 15 jlJUw Jl SjJJl Jo~. J jUJI jlJ^Vl ^ 
^ Vj-i) 60 °C JLJ^P i^J^Jlj (6.5K/min ^ S/JL_,) min 
. 80°C Jlo)/I _ JJ _ ol^-V J^VI &£ JJ i(120°C 

ijl ^s yLa . j t ‘L^LxiVI iiUaJl .li*^ ^ ■ -4 4-jjliLoJ 

.iiJl J 35 S^IK jup JjSn iuSL^Jl ^LkJl bjy 

Jl^>J J-^>Jlj *Jl>~VI Jl tijl_r>Jl ^ -^'j 

.aJL^a) |»Jo £yA$Jl 

Jg-C*> ^Jl *A_^>cJl (^£jl J->cJl (J^_*_U 4^>C_JL ) 

^yo (^jl yJl (Jj-5 JjJl Lm*>L*^I oj-LaJI ^j-oJL»Xo c Ja-w>c_^Jl 

^pLySsJl y>^~-iil <y j^J ^ J * ^ l Jl OUx-mJI 
_ c ^L>-j yo l)^5sJo (5 mm) aS^L$«w*<j (3 m^) a^*- 

AiUaJl y* 1 kWh Jl j*- Jl L^J t( JLJ)fl . JjJ 

: jl J c 150 °C Jl 25 °C <y <a^xl 
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c p pV( 155 °C - 20 °C) = 1 . 164 kWh 


Qlamrnate = 


P I U 

.(^UyJJ) p = 2500 kg/m 3 j c p - 0.23 Wh/(kg • K) 

J y * ^Jl ISI 8.73 kW UjIjlL* ajJ y^ olt * j Jbj 

<l)y> o* .(J-jL 5^ 8 ojl jj>Jl 

0.547 ^ ji4 ojJi iiL^I c 5_»jl ^ kg 37.5 

ojJiiJlj .kW 12.83 5 J^ * kw 

y^»-> a * ! 1 d)l (j - * dUAJ ijjLwvwa j_> j^iU 

y* N jS) *w-wsjUI y» J-j jsZ j»Uaj Jj>tJLwol y lilj . 90°C JJ-P 

oLLvJ>Jl ^3 d)l (^J>o 4 j jl j_>«Jl 4 JL*_^a> (1)13 t ( 4-0 1 ^_^Jl 
SjJLiJl yo 4JL-»Jl y 10 (1)L y> j_3l jjj . I *,<g ) I 

. 155°C ojl ^ Jlp J3U>JJ ij^lko 

0aL*aJl jl$>- 2-1-5-6 

U5 ojl ^>cJl 

a */9 1 ( JJL t Lla . ^jsi^A ll jL^j>- j»l j%jo yJl 

C^LsAJ^fl (1 ) j3j C ^yjLoJl ^uLs^lIl (J^>- J^L) ^lj->- 4 la 

.Jpli.} 10 J-& OjjjJl y«jj - Ju 1 <uJal>aj 

^UajJJ 30 kW o jIjJLo 5JLt $ :^l Isovolta lSy> ^jJaJ 
^Ju/ 2 ^}') ^yLJl I jl^>J 4jjiJa» 9 kW d)l y jJL 

^Ul j t ^>cj>Jl c-ipL vsa-a ^Ls^aJj (1) yl! 12 kWj c (1.2 m 2 <u>-L*woj 

4_Sj_JLJ ULSjj . 4_>cJl_*_^Jl j C Ss->c-JJ 4_> J ^ : ! 

d)j^ y» (1) ^SCJ ^aJl y> JpUb yJJai> t Springborn 

ojl y>cJl 4_>-j^ LowU»p Jg-k»/g-l i U5 1 4-ol cijLpLas 
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wUp La jlJLjj 5SU^ <obj t ^~jLi 03 jJl 1 60 °C 

(10-6) j (9-6) jJu>Jl ^ ol-Jl oUUl . 155 °C Sjl ^ 

iiUaJl iit>L^Lw*»l JLaj oL« jJioJl ^y> SJl*} ^jNI ll <1)1 *wjL5" 

£jjJL Isovolta i5 j-o ICOLAM II ^yJl LJjlJL>->) ^*5 

c ^*uLv 2 jJl jj\ ^wo->sJ^ .(Spire aS" j^S> 460 SPI 

j%J j .ojJ3 1 wUp JplS.} 8 o jliJ 4 jL*l>- j*j ojj^ A3 LiaJ I 

JpLS^ 4 Sjl j>^\ J^LaptJJ ojJlaJI Jl>-I 

. 0 jJlIU ^ 1 <L^jlJl 4 -S-^Jl ^3 10 4 _ib 33 22 ^ 

^j-SLo-j ^pUJl ^j-JwsJ^/ 1 _ J^Jws3 _ oljLs-wj'y ^ * i a/9 * 1 1 jlfJ>J Ojj jJl 
<1) ji^ ^ Jj>c£*>»I ISJ ft y? J I _ ( J^Jw3 _ obo^L <uljLw%wo 

.SjJlaJI ^JLkuJ LjU>\ 10kW dUS <j! S/I c^U>l «^Ubl 

£rj,a»/9 ~ ll jLf>- jU t Jpl33 4 ^LSLJI ^w2jJ| ojjjJl ^jA j ApOoj 

<LiLb diJjO-> ft ^-^-./2-LI I ^j_d-o^/ 1 _ ^JOw3 _ cljljLw^l ^ I Aj>cJL*«*> L> 

^j-v2jJl oLS ” ^yi LaJJLJl oULwJJ L a3j .^j^VI ^ ~ *^^/ 1 

t^LvaJ^/lj c ^oLyg-lSl oLi-o-P jU (> |^jJl>cJ| ^5 oUg* .oJl ol^jJLAllI j 

>- ^3 ^_;L>c_jj j_dLj aJ ^j-vwJ ICOLAM II ^jjJl ^^3 wUj_-jl!Ij 
^J w2jJl 'iy^s>-\ 4_ia_*^l j_j ^oLvaJl . iiUaJl olJLi JJ 

^IjJ^Lj . 3 kWh/m 2 LajJJ L^lJ iilb ibl*oJ ^Jl ^jlJLJLJI 
. 5 kWh/m 2 ^ iJUiJl <**5)1 c JpU Ju^J 


C~»li S j\ J^- i^-jj JjjJj {j* SjJ-SJI Jji JjjJI 1 _ r ajii- (2) 

£jV 26 KW : S.E.j NPC) 1996 j.U i_. sj^t jb^ ^ 

jJi Jjl i>-jJ Jp -felit-L (IjJ-o Ji^ 83,6 W p SjJLi oli oU jiiu 

Lis_j_j . ..." ll [ ^p j .,ig-!j jj -0 155 C° *bjU 

. ijLiiJl ^yl^Si Sj^S dJJi JA iaSs &l J 2 «Uz!l 0U ^J^dl ^ jZJ 

g .,rt" 1 1 ii^LfcU Lib? <bl 30 I 
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. cm 10 JJujJ 43iyi_j SjAaJl oLLLio : (9-6) 


ib^i 

diUaJl 

kW p ) 

Mwf 

e** 

& /!*>) 

oUjkdl 

ijJ3 jsa 

'£*» 

CM 

(kW) 

x JjUl 
(cm) 

ff 

12.98 

0.78 

10800 

3 

33 

30 

165 

137°° 

460 SPI 

11.71 

1.71 

23760 

3 

15 

30 

165 

IS? 00 


55.56 

0.86 

12000 

1 

10 

40 

30 

150X 

ICOLAM II 

11.81 

1.15 

17600 

4 

33 

0 

20 

150 2 X 

Solarwerk 

9.73 

4.32 

38720 

4 

15 

° 

20 

230 



J}lla 3 j s 72Wp : SjJLaJ! j t cm 56 cm x 122 : i. _,kll <. 800PL- : i. jiiil 

. 2.000 h/a j ^ ^ajll ^ Ai-jcJl 


. 15 cm L>^L>cj 4-JUjJ aSUsJIj SjJLaJI oLiiala ! (10—6) JjJbdl 




/*»>*) 

oUjkll 

(min) 

SjJill 

(kW) 

x J>ll 


16.23 

0.622 

7200 

2 

33 

16.5 

200 

SPI 460 

13.37 

13.68 

15840 

2 

15 

16.5 

137° 0 


46.30 

1.03 70 

12000 

1 

10 

30.0 

150 X 80 

ICOLAM II 

13.12 

0.933 

10800 

3 

33 

20.0 

ISO 3 ” 

Solarwerk 

10.80 

2.053 

23760 

3 

15 

20.0 

150 X 

fir- 


‘W p 86.4 iSjwOJlj cem 2.67 cm x 146.4 : ^li-j cPL_800 : o^ll 

p-lll c 2.000 h/aj ^ j jpU.* 3 j 

.(6-9) J>0-1 ^ US’ ^jU, 
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((4aJU«qJ|)) io jiil oU jJaio.il 2—5—6 

! ((aaIaoJI)) a*j j^vaiIjaJI a^ jJaloJl (1) j^l> 

^y>-L?-j A3 y.*/3.A _ dL^w*>^\j _ 

(EVA) /JJ>H _ JJ _ ok^J tOLs-Vl J 

i-*-Ujl JJbU J^JI o~hJl Jp JwJ ^Ij oJaS 

j»JL><JL«o t £-l*alJl ( J «■! jJk oLpliii l) .Ij*AAJ| is j a ./> j j 

J-Lp ?? - a yg : 1 1 4_J_«_P *LJI ^s jjJ I iai .,<? 1 JjLs a «,<a * jl^j»- 

tEVA J jJlA— oJ' ^Jj-Jlj .200 °C ^Jl 145 °C Sj Js- S^-jJ 
t0.7 mm Jl 0.5 mm Jplij jLi Jlp Jl _^uJl 

cH-> . JIS jsS* A>r^i^/g7 A^Lo-P J^j>o L> ^tpAvaJl *I4 j! ( J 
Wjl JjLs^^ll®) A^PT-w%uilJl (jJ ix-J^Vl A-la-^ljj ( j-a 

(j ji A^_Jj*!>\J a-v^L* <oL* iiLv^J j*Jo t(®JLJl l)j_U 1 ^Jj (Jj_>tiJU jl 

A^UjJl c l jVl o j5oj .^y\ - JjJ - oli J Jl V>^JJI 

2 mm aSLo-^u (w^a-jO JbJi>eJl ^y* <Jli>-j L>jl j>- ^U>-j 

,3 mm Jl 

t(JjVl iJls-Jl C iaj jg«^>. II Jjyj £"jJl li-® -lla^l 

iSJiAJl i^L~o ^-o m 2 JiG 81 kWh UjJls LsLj^S oils i)*>jLy>l 
ibji~“lj i Jl _^*>U JliJl jJJI ^y. m 2 JiU 80 kWh ibl^lj 
c JliJl iJUJl jj>-S .JliaJl ^ ijjl ^ m 2 J5G 20 kWh 
i^L~° ^ m 2 JiU 36 kWh UjJLi oJL ^ oils il*A^I ^Jiko 
iJJ^U JliJl jJJI ^ m 2 J5U 64 kWh 2J*A^lj cijAJl 
I) JjJuJI JL, . JsllaJl Jjijl ^ m 2 J5G 13 kWh ibJiL j 

.ojU ^^L l . — akAL 4 JL 3 LI j»-jjJI ^snE. ^s (5 — 
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flAfrfcAyXoJl)) io j^i) jaJI oU jJalo.il 3 — 5— 6 

! ^j'yi C' *..*5' ^ 4j>c.Ayg-0,l ! )) <Lj jjjJl jJaloJl J J^l> 

^>-L>-j A3j|Ayg.^ - 


.Vj-^JjaJI oUjkJI £&)f 21UI : (11-6) JjO>JI 


«r> : 

SUaJl JUI 
(kWh/m 2 ) 

cr* 11 

(kWh/m 2 ) 

c fo i 

(kWh/m 2 ) 

5^1 

(kWh/m 2 ) 

»KjB 

(kWh/m 2 ) 

L^ 1 

lssetij) 1 

861 0 1076 


215 

55 

26 

780 

SjiL>-l 4 jo jJaU 


637 



57 


470 

ali^l 


46 

0 

57 

24 


“““I 





(1) 344 
153 


^1986 

281 “ 496 


215 

55 

26 

200 

al^991 

347 

46 

° 

57 

24 

220 


372 (t) 393 


° 

47 

(t) 126 

(1) 220 











0) 181 




5iL. Jujk* 




55 




!~L*. Jajti. 


. jU?J jji ^ (1 
. Sjb-lj JjiiJ i* * 2 MW p /a : JjVl i!U-l (I) 
.JJ^J oy S^jt *27 MWp/a :Ui!l *W4 (*_j) 
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(EVA) _ okuJ J> 

t ^ .*U^*1**3*A> 4jl*iaS' 

( _yip Jj iSj^H ^ ^wz^Jl 

^jlJI . -jjuJSfl - ^JlJI jl ^jljJI - I - _^JlJI ^ LJ SJl» J 

(JjJL>Jl ^3 o 4JL9l5\_«Jl iilkJl ol « 1 )a ; *j . 0.5 mm <L5L«™o 
27 kWh/m 2 UjJlS oli> (Aulich [et. al.], 1986) ^ jiJu .(11-6) 
23 j t (mm 4 ^1 3 *51^) JbJL>Jl ^ ^UJl ^j_Ljl 
J_,jl>JI iJL^J 5 kWh/m 2 j kWh/m 2 

iiUaJl ii*>\ ^ : ,<il ^LoLi LviAJ-a (Jj>J_«JI ^ (5 _ I) 
.Jljjl 


ejJill tJuSz 4-5-6 

.~ >o ^ <Js z. I^jL] I jJ jUJl a t . g t! 

^ i aJ_xA<^3 £-jJ ojj j-si> ±SLa Ji iJ_«j>JI oLlkl* 

j»|jj>d~3l al> j»UalU ,j»Ual!l £jj ^^Le- 

^_3j (3-5^7 jL^ 

OjJuLll 4_ki_J oixla j*l Jli^JL^I LsAjI .^L^Sj 

U*iJl J^>JJ JilJl (MPPT) 

^■C-^wwvO AC (J JS>C^0J L ^ j^v?JL) ^ dJl -Li ^-^dJ wL^fcJl^ jLjlU 

. AC JU^-I ^1 


^ll>o <5wXJl OJj>«JLw*w<>Jl *Loj) .,^>:] jiJl 4-o.lg> Vl 

aIJu^JL^I Lv 2 _>I tiiC-^Jl ^JlP j^U Jl 

^J-A toL^-Vl iwd-p| •iS ojJlaJI <ha\\ ^juC~a 

OwL^J iiUaJl ol « 1 \s~a (12— 6) J jJl>J| ( j-~-> .L 4 ^v2a) ^jL^fsJl 

C->Ua^c-a ^U>t>“l c-aIx^s-oJ tdiV-^Vl dU-i ^3 Lo-i c cIjI 
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a! a /9 a a *LoJ>U (16 _ I) (Jj Jj>cJ| . <Ljbj_^_S\Jl OjJjjJl 

U 5 . <LoL) j^ 5 sJ| Oj^AJLII L_i 2 ^SvJ CjL) ^*-^ oJ>o 
<LsJljj_^_^Jl Sj jJiJl JuJjJ olJj_SOs l j_>c_lwoJl (18 _ I) (JjJ_>cJl 
,j»l>Jl j-oJl ^j&xJS SJjJlU o^Jl>c*<J| oUbt-j^lj 


jjb* oU^XJ ^lyuJI L~-L-Sn 4 ilk)l : ( 12 - 6 ) JjJ^JI 

XLjJ I 


C*l' 

(kWh/kWp) 1 _ r _S’UJI 

J ^>yj 

£JI . . . ibuVl 

(kWh/kW p ) 

<uli£-l ^UaJl 

1989 

176 

no 

sc-Si oli ijJi iiaj£ 

(1500 j~S f>&- 

Hagedorn 

176 

146 

a-Si kW p ) 

1989 

1989 

352 

525 

sc-Si Olj ijJi 

(300 jS*o ^3- 

Hagedom 

352 

755 

a-Si kW p ) 

1989 

al] 1997 

533 - 222 


j^SL, ^UaJ 

(2.5 kW p ) 


Johnson ^ olk*ll JiSfl l^J}\ I j j — a— Si S j _ ? JlJI j j5LL« — sc-Si 

. idl ^ 50 jijJtd! SjUJ ^ [et at], 1997 


i i - „/g 1- :l ^Js j_s j»l5^L <Lj j yj " 1 j_iJl oL« jjJ 

ip^ ( _ r vail ojlLo ij Jlp ojili luLoLpjJIj jlpI jl Jl j _^5Cj o! t. 
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(13—6) JjJ-sJl .Ojlg^U 4-*J jJLo ^Ijj 

.IgJ iJblA«Jl iSUaJl oLli a^aj CjLoIpJJI ^y> 


. IS^fc! jilt i.UjJl 5_iJ * 41 4.1 3 SU 1 JI : (13-6) JjjO-I 



5iUaJl otiku 

&L 4 - 


ialpjJl idj £j) 


(kWh(el)/m 3 ) 

(kg/m 3 ) 

(kg/m 3 ) 


(Bloss et al.) 1992 [Hagedorn 

< 75 

0 

< 10 

is 

Winter [et. al.] (Winter [et 

< 30 

0 

< 10 


Hagedorn [et. al.] 1992 

100 

67 

13.3 


Winter [et. al] 1986 

45 




Hagedorn [et. al.] 1992 

170 

115.2 

24.6 

j. 4 ^u. 

1986Winter [et. al.] 

82 




(Muller [et al.]) 1997 


1.896 kg/kWp 

235 kg/kWp 


Hagedorn [et. al.] 1992 

450 

980 

46.3 

j 3 

Winter [et. al] 1986 

205 




Hagedorn [et. al.] 1992 

186 

200 Jl y 

14 . 26 

aOj* j' 3 

Winter [et. al] 1986 

90 



t M-* 





(l^yl 


1992Hagedorn [et. al.] J fUaJI j iJLd.1 iJilbU SiUaJI oUk. *J : Uw-iL 

.LSI Uol£} «j 

JwJt« 4 dJ > ; .,^.~il 6-6 

( ^ setup) 11 ^ > dJiUaJl t_JJa2Lo 

i^Jl ia; jj L ( Wtranspnrt) OljbcoJlj olj j_>LoJl JJLlJl oLJJaX/0 

1 4 il jJijl _ ( W mount ) oJLc-LaJlj olj. 4 >0 ^LaLi t SjiLpJJI 
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J-JcJtjJl {ja ^Ul AJLjJl Lvajlj t (14-6)j (13—6) ^jJjJj>JI 

5Jaj>e-A . (JV adjust) Ja^-vaJl f-LUl ^jJLlJl 

t Lyajl jJosbJl w\_>-! c ^_iJl ojwLtfJl 

.o!jLwas>«J| c olJOc<Jlj 

W setup = ZW t transport + Z W mount + ^adjust (12) 

I -L—Sl oUUJlj i*S\jZ Jl SUall : (14-6) JjjuJl 


(kg/m 3 ) C 

0 2 olSUJI tJM 5 ipljH CO2 oBUJI oLiku JU^l *15(41-1 

(kg/m 3 ) 30 30 

(MJ/m 3 ) jJlil 

(MJ/m 3 ) 



0.5324 0.0107 7.81 5.9 

ijti? Jj> 


0.4550 0.00938 6.71 4.9 



. 1996 (Frischnecht [et. at], will SiLcll : ilas-^U 

jaJi 1 - 6-6 

olJL*-«Jlj t^j-jLoLxJlj t 1 ^ a i oj-LilJl JJL 
(3 _ 6 ) JjJL>Jl ^3 oUajt» kdUjJ ijiliaJl ol. .1 L? - .q « ./g «; !l ^Js 

.Jpd-Jl (8 _ I) UAjIj 

> watxJl 2 — 6—6 

L^-L-Vl iSUaJl 

.olkJlj tolJL^Jlj oI^Jl) iobJl oU-L^fl jLlP^I J ij-SlI 

.I 4 J iLUJl oUUl j>JuJl J (5 _ X)j (4 _ !) JL JJ 
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J-JLLiU 3—6—6 

oli t OjjLx-oJlj 4_L>- jJ> a-lljl ^3 

J\ JIjli-I oL^Sn jA« J ^ J .Lip iSUaJJ ( jAA>m}\ 

■ W adjust y° LfJl y°ji »JA . olj j5va iiLyiJ 


( J-jL£xJI ol&aj 7—6 

jLo S _pi~Jl oliiJl Jl iiL^llj i(W op ) JjjiAiiJ 
<-(W maintai „) olpjJl JLjJ JiU^Jlj {W clean ) Lo^jl £_k~a 
dJUb” Ji* i*S >uJl ^p oU-!>U)ll jL^I ^ -^Sl Uuj 
jl^lJI j! t JjVjJl jl oL> ^ i^LJl 

<jp Iv2jI <LJL»JIa-I i3L_A i<L)La-VI • ( ^repair) 

J^4 ^ Sul. cLoJl^l^JI w.jVi jZjl ^lJLki-VI 

4_ia-oal ^_) ^Jw-o-1 I Oj lj^_^o . (J^area) 4p|j^Jl 

i_j>o t^ylLJl ( _ s ~~«JL!I j»Uilll i!U- ^ MLa 1 iw~ws<ail!l 

.*di>-JLa C- A J 15^5' 4 J La <L-a5 ^IJa-cIaL jjJUP 

^ = Z ^cfean + Z ^maintain + Z + Z »«« ( : 1 3 ) 


iJJadl 1-7-6 

I4LJ jd\ £L,j\fl o £ jJuJl ^Ja-Jl Jlp ^51 _^a 

ir° ,j<g * >- <jpj-l U« t jj_JaJl iajlpj ^LjjJ! 

Ij-A .£_3^oJl ^lp *■ — <*3| .I^La 0^-^J (jl J * ^ ' ' 

‘ (transport) J-5Jj t <>Jla.Lpj 1 (JF te , t ) uil^ fcOJlfc? JlA-^a 
( jLa c /yJLoJ! iwi-la^Jl auLoP- i)U- ^Sj l ( W utilities) oLaJL Lj 

loilp .(W^J L^LLLJ olkJl JUa.1 t iu,U«Jl Olji! 

.oJL>-lj ^a 1 . i-lL-U <Lu>j«Jl 0 ^xiJl 
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(14) 


W clean = Jw transport + Jw test +J J w clprocess + £tr ut 

iSUaJl 2-7-6 

jJ> y> lilj . J 5 lxJl <^y> olpjJl 

^JjL*a) )a ]' (jL<i-*JL -4 Ls £Zj\ c_— >*j c ^S'LlU 4 _ 1 jU 

^ ll$(j 1*1-* . *- 3 ^.Lp «Xj*Xj>t^-!l OiL (^Loj^-ll 

Olj-iVlj i(W transport) («J*sL*-«Jlj <Jj_s^jJl) J_«jJlj l ^j-j-LoLx-L! 
jl oLjUaJl iiLv? tCjLjllaJJ li|j ■ (Wtools) 

■ (W materials ) I4JIJL2-I j»- 

W maintain = ^transport + I W tools + I W process + £W material , (15) 

oJjfc ^ ^ ‘w^xj olj j^oJl Jiaxj (JL>- ^ 

‘(Wiransport) iljJlj jLlP^I ^ ia-Vl ^ t <JUJ| 

L^U i(W tools ) oljiVlj c(WW> jj— ^Jl j-iJULJj 

.(**V/™) <> «iwi ^(ir mafer!afa ) 

"W ^transport + 5X* +ZKep.p r oce S s+ZK 0 o l s+lKa teri aIs (l 6) 

p|Jb^.l 3-7-6 

A-]g->c ->3 Ota\^cJLw**-oJl jL>cJjLw»>! iw*_>s_> 

oJjIjJI <u>-L^woJl ^1 -U-pj . jl? I c^->o oj jJLll 

o\ ^>0 JJdkdl ^ i>jUl ol^/lxJl jU Jl* JU^ ^ 

(1) yj ^_^Jl iiUaJJ (l)jl ^ 1 JLp'yi-j yj 

iojJaJw^Jl <da^ljj olia*^Jl . (Warea) 

(1)1 ^ C ^JJ ) Alois' A*j y*/?zS yA^\ 
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<Lo jj U « i ji dU^SU-) ^U*-> 

^ JJJalJl Jd^ <j* (_/ -UAJl .(^iUJlj ifUjJl 

<ijji^cu^\ j»Lol <LiU»j “t-Uj L JiLi>-'yi t <uJ^]l f-LJl U-L~» 
.(L^J-c- Oj-5 l y) 

U jlaull ULSUj 8—6 

i^ww2JJl 11 Ul - 5sU> ._ - >c-J C U j lg '- UJ ^JwJ jjl 1 A A ^ j ^3 

SiUI j! (K^re) <u^ ^aJl^jJIj c(r^ or ,) UiJj <.(W decnns ) 

t Jb JL>- t .ygU U jUI j»|jL>dU j»JLc- JU- ^3 j . ( W rgcycle) °jiJ AS 

•( W reconssite ) Up jlS US jlSUJl 2 jWI 

W de = Pecans, + Z ^transport + Z^~ te + l^recyek + ZKaste (W 

UL5UJ1 1-8-6 

j_«Jl oljiVlj ^j-J-oUJl JJU ( _ S -Lc- UUSUUJI 

(Lewin, 1993) j-ij . J j»JLUlU .o^UUJl iilkJl ol jjj-vij 
7500 US$/Wp oJLJl UJU^>Jl ^IJISUU .^^jlsJLJ US U~U 

t<u*»Ui , yi SSlkJl . 4i«Jl ^ 4.6 > .ygUl j^aUj jUii~»^>U 

UJU US <uUJ jIjUJI ytj) 43 kWh/kW p jlu 

Lujj (14-6) Jl (12-6) ^ J j!jl>JI jLj .(UJlUl^JI il^l 
oIj~UjJI UUj oliU (jjsU-oJl (5 _ !)j (4 _ I) 

JU) SJL^ Jlp JLUJ JS Jlp JUio ULlI .U ot V) toLoJUJlj 

I ojJjiJl <da>t» 

J2JI 2-8-6 

SiUI ^1 c_~vaUl £-i_y ^ JUJl JUJI J-«jUo 
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(3-6) ^3 1 o c iJU-Jl oU_A ^3 

i — — >o .SJ-jLs o jp-JuJl ^ (8 _ I) JjJj>JI ^ Uijlj 
i-lja Cfy* o* 107 kWh/kW p UjJi oU* 

J jygaJl oilp| JJjjis ij^ iiUaJl ^ 
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£jLu3!) 


J-oLi £-S ^ ji; j>J ((Krauter, 1993c) eij^xSaJl 3JL*j ^ 
ajj! ^>J lj 4jj-/aJl 4^>obJl JuLaJl j»LiiJ 

dll.S . i. bj j)aJ *CuL> O^L um5'Lx)J <Cj 3 Jl 

t^pLj^SGl Ijj>- <ij c 

.ijlSCoNl jji (J-Si ( J^l«Xo <Lj al! jjiJl ‘LoJaj'^l Jj.5 y> il>o^ olilj 

jLcip'yi vji - - >^— 1 ^5 j.,^ »:! jiJl j»ll g ^U <L>-U-ojJl 

iji jaJI ^1p 4iJl 1 (j- 0 ^ dlS^ ^1 o*>loL*^Jl 

.(d^l JL~s1 J\ii Jjb«jl g&y\ Jlp JlxJLj) 

2LUJI J\ 2LpUJ.)M iU«)f 1-7 

k_i*AkJl <JbV>- ^y> <UpL*-iNl jL~« ^CtCL^d 

ojJ_«Jl t _ 5 -»^o— ^- 1 1 ^J_L1| 4_jT J*>Li-j ^y> j*>U (_£j-><Jl 

.i-UJl Jl LU J** j! Jl 

^Ja~» ^1 <U*dJL ^9y> 1—1—7 

(Krauter, 1993c) JJ oLLJl oljlJU^I 
t(Walraven 1978) J_J ^ SjjJL^Jl oViU_<Jl (Strau(3 1994)j 
J-i-S ojj-JUwoJl 4 _*_jLl»J| jjjl_4j jLjlp^I ^3 oJ_?-l 

oJlj& . (Kambezidis 1990)j t (Wilkinson, 1983)j t (Archer 1980) 


191 


jS I jl OjS(j (^1 ^Lvij'yi ^ ^SloJl 

23.5 s _ olia j— Jl jljboj (_£JL>Jl jlJLo ( j_j ^Jsl j_«_U <L*jl jJl) 90 s 

f-ljja-Vl ojjk JIwLjlJ jJj .(«.|jJL>>i'yi Ja-i- jL«Ji 23.5 e j I—J j^->~ 
2. *3>Jl DIN 5043 ^o^Jl J oik*. iJISJ oMjUJJ 

tcr ^-LlJ (J _Ui_!l ^-Jj-Jl t2 *>*Jl DIN 5034 JJ UJ* 
jJaJ) Otg C~o~~Jl Jjljj Ys l _p<-<>~>Jl ^Lijjl Jjljj 


■.Ji I _pJl JU <ol~^ t ((1—7) JSJJl 



(18) 


: J 


= arcsin/ cos((l 2-i)-15°) cos(0) cos(^) + sin((l 2 - 1) • 1 5° ) sin(c>)) (19) 


8 = 0.3948 -23.2559cos 6/ 360 +9.1° 


: J 


365 



( 20 ) 


+ 5.4° j - 0.1 7 64 cos ( M ' 360 + 26° 


/^Jl 0_pl5 ^ Jj!>U d — 1 ;y> 


J Ujb (. fU 

*C^ _b>- ^ ) 


: d 



24 

c f-l (J Lo-Ji ^il 4_<>w^3 ) Ja^*“ ! (j) 



J ai» JJ <L~jJL <J^>- 
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— 



r* 

fcUSjVI 


(X* P, ikisl as <jj\ jj y s £lii Ji\ VjI j :(l-7) 

.2 «>ll DIN 5034 £ i^iB iii 

jL^SL'yi >- i jL^>- ( J^>-I jj j > o*yiL*_«Jl *5 JJi) 

oLyS^/Ll L I^LoJLp! C 

(Astronomical ( _ ? £LUl pjjJLJl ^Ja^. ^J-aJ 

: oU^^aJl 1996 Almanac) 

■YsS* 15 s 


0.00452° p 

T a tan y s 


(21) 


:y s < 15 s ^LiTjl Uj^Jj 


A y s = 


(0.1594 + 0.0196^ + O.OOOO 27 ; )-p 
(l + Q.505^ + 0.08457 s 2 )-r /1 


jj > Jl jL^I u-~~> ^Lijjl <Ljlj si jj><j I ! Ays 

.(ys aJLJb-Jl ijjlj islyi)) (ijjlj 
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.(<Ujlj <b>-jj) 4»JLJL>Jl 4 jj\j '■ Ys 

. (mbar) ^ y>J\ Ja**aJl : P 
. (K) .k^Jl Ja-. ^Jl ijt j>~ : T a 


Oj-Jwq JjJ OJL>jJ l 15 s ^LiIjVI “bjljJ tjjLSslVl ^1? ■; i JUp 
usai <JiJdJ Lcj LpU iji^o ^ u* couulj^Ij ^ijdJ j«i 
iijJl jlJuLo .<_£ jL^SLil jLjLc-'yi JLj-lj 
0 in ±,jLJ\ bj\jj . y s >15® ^Lij-jl LljjJ 0.0017® 

£-*aj*a (JbVi- jj-o L*iL>tj| j^JLj <L-S j .,ig ; ! j-iLl I <Laj la « o. 1 1 ^1 p 

c~«-~ «Jl ijjlj j i Ym o» j l a : x»Jl ^Li7jl <jj\jj i(as l Ys) 

: ^Sfl _^Jl ^^Ip «M ia_jialdJ 


0 in = arccos (sin y s ■ cosy M - cos • sin y M ■ (a s - a M )) (23 ) 


c ojIjL— p- ^cjljo (7-2) i 

4— iLa^JiJUaJ I ^Jp -Is^JLwJl t JLU CU-o— ~Jl 

21) JbVi- (i_jjjj>Jl i36® <LojJiL«Jl ^Lijjl 

.(36 s N jf- Jai»- -Up j-jjj / 
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y.vf - 36" iifjj .36” N oijt ii. 21) ^ fJ . JSi i-jiUl 


■(vjM' ***•,>* 



Sjljj fjJ iliil <5j c/U^I Lj ,**J .(21/12) .liilj .(6/21) 

■( i'mirk 1997) Jc ft,, iji-iB Ajj) j ys ijlaill g-lii_jVl 

jj jA 2-1-7 

Lr >^1 Culi]l 1-2-1-7 

Lo c o ^ ^j>Jl . ^3 

E 0 (Solar c^»liJl» t5 *-I UJ»JI »1a . 1.353±7W/m 2 

ili*>Usl aijU V ^1 (_yj>j^l .Constant) 
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Ojlil* jli 1-LgJ i l. i.a]a)\ (JjlvUJl jL~«JI 4_~ ~>~j 

.(itjl J 1 J»T) Sus 

3-kjl 3-pUJi>l 2-2-1-7 

‘L-pLa-J^I ^ CU-U j 1_3*>UJI ^yaJLo-j 

<L>jlj U~xJUlJ dLu^-^l LsAjIj -LU-*_> .Da-sL^dl 

V CUJLxJl t-y>- .U*~«UJI <UC-L*^i^AJ JjJaJl JajJUJl 

U iL_a ^ Jlc- J. ./?..* L^jji t LJlS JJLsj 

ijjLLii'yij o jUL_«Jl <upL*J5^1 . ZjjLLh ')! I 4UpI*U^Hj 

UKJl *J (1-7) JjJL>Jl JL> .UKJl U*b^>ll 

. Ys aJlDS" D3L,<g]' f-Lo-wJl k 9_j 

y s j a-^JI U,!j ^ DLLS' ulsLlI D^L^i)ll : (1-7) Jj)-L>JI 

. (Holman 1990) 


E glob (W/m 2 ) iJkj! UlUV! 

Ys (j-UJ! f-LiJjl ijjlj 

41.9 

5° 

112.8 

10° 

290.7 

20° 

472.1 

30° 

636.0 

40° 

781.4 

50° 

901.1 

60° 

991.8 

70° 

1043 

80° 

1063 

90° 


Ukit oUl/N U_ J* USD I UpUJ>U (4-7) JSUJI 4_, 

1 5 1 °N tuaL oJUjjS) Ljjji a -j ji 4 Uj_ s< ajjj^ji Laj ^ ^ u j t j-jL~L»~uj 

.(il.5 s E 
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(kWh/rrr) ^ £ USfi 


^1 ajjLSjJVI L^LlJiVI (‘L^Ij .(5-7) J_SLlJl ^ 

c-jliJl Jl S-k)l LpU^II ^ i-Jl J *i\JS S^iLJl LpUJ^I 
J-S\-JLJ| l j-y^ a ((_£ cJ^LiJl <( f-liwS * J-P-T ^^JLx-o-j) 

.(6-7) 



J*-Jl Jii— fUaj Sij'j ^ *»* jj- Jt W ys» :(4-7) JS-131 

•(1993 •(Schoedel) ^UU) (11.5°E i5I°N) UjjJ i-j jSj-1 
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J JJS-J (9/22 >) 3/2! .JL- PJj 3 ^ jLSVI j >1UJ J>J :(S-7) JiiJ 

.% jjj ■—' |l jic Uij^c. i*2li l»i..ii *(36°) ij* jxl! Jo^J US kUj jVI ajj! j 



c^ia/sisii 

(Lf ^l VMUi) 

iisii ajcU^ti yijs w-iii ^junivi i^u^yi :(6-7) jiis 
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3 ^iLJI 3-2-1-7 

C ^w-Ows^Jl ^_) j_Ip 3 ^_Jol_wO—li ^L>C_j| |*JL> 

(,2oj]ffj}\j tSjl^>Jl <diS\Jlj 

^ jJLwwo J 9jJL*i <kjj Ijj t(p-lj^Jl SISjj t iw^>s-^Jlj 

(wn-jS* j^]\ ^3 ol Owb*u ^j_P jJajJl 

Jl J;_p«x]l S^LaS" ^ ol jj£ J>\ tpjj tU^jj t _ ? iJaJl 

Oo^l JLij -vLiaJl i-SlisiVl JLlj^JJ 

I_LjO>- ]a a i 4_L^Jl J j_v 2 _tfJj ol j-y . «-lJl oi_a J j->- CjL^Ij.5 

.£j| . . .(Krauter, 1993c) 
(CIE) LJjjJl io>JJ LuLJaJl "^AJl 

£-sr ja£ (1990) 85 pJj (Commission Internationale de l’Eclairage) 
l^_)j L>5 C A^jcJL>tJl l i J ijJaJJ ^>Xj Jjjj t A>-J»gJJI J-oCjJ 

j^LxJ J_«l j-t-j ((7-7) J-Ss-JtJl jJkjl) idl j_a JjlSO oULo jj jJ 

t CO2J 1H2O oLjJL><l>i t_icLi>c-oJ i_iLi»l lyg il ffJ! 


r j 



■ o 3 j 


jjj CIE Sjisl ia, (AM 5.6-AM 1 ) o-ili s >14*11 O- > ojJ :(7-7) JSJ» 

.tUfiJVI jt J>i ^Sj .AM 5.6 i .AM 2 j .AM i iOlj* 11 jsa! (1990) 85 
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SajLiafll 3-pbui)ll 4-2-1-7 

^^jLLjo! * j^T kjl.5 ilk* l<LwyajVl cia l a . . la ^ U 

>>Jl ^lo I Si- ^JLo J* 3 .SJUJI ,L-JI o^JUJ u 
.USai 1 LpL*Ji^I ^ Si«Jl ^ 60 Sl«Jl ^ 30 
jl (_5jLLij*yi ^L*-L*LJ ^jLo— Jl o j^Lil i, i . /a i ^ 4 _ s ^-l jjiJl 
JLoJI^I t <CUL*LjLoJi i -L*~jL>cJLa o^-4jloJI 

Sili5 SJIj jjt 15 L*jI j*J Cy’J (_j5i j-® 5i5j ji i-^k-kval 

*>?Jl j .<d^ ^ Oy tiJJl £y > Jl ^UJI S5U- j 
Sjj^aJl jL^SLiMl o’>LoL*^j JajJLJl SjjIJ ^ SJta <u~lj 

.(2—3—1 —5 j. oJl J&\ i (Fresnel) Jl>y j^lS) SSjLLJI JaL-jbU 

,oiJL>c- obxLJ jLipMI ^ Jta-S/I k_^>o idlli ^1 SiUal 

Sj|j_? SjjljJl SjjL>_*J| 4^pL*_L^I 4_— IjjJ j» I 
Jls> SJUL.\fl JL^Ij .oLol tlr _Jl 2 ^>JI DIN 5034 j_a ^^LJl 

^ {jzyo Ys = 30 s ^Lajjl SjjIj .XIp f-L>->«Jl e»L,ig^.^i £ijj j 

S>l ki— 0 (^j^Jk) (8-7) J5L1JI 

.((_5 jl^jl (_^jl«^jl 

^ jl - expj- jl jjo.856 + 16expj- j + 0.3cos 2 77 j 


*• = 7.6752 + 6.1096 x 10“ 2 ^ - 5.9344 x 10“V, 2 - 1.6018 x 10" V* 3 
+ 3.8082 x 10 ~ 6 / * - 3.3 126 x 10 V* + 1 .0343 x 10~ 1( V S 6 


?eoSin Y s -\r™ - 


E eII = 0.5 E e0 sin^ • r“ - exp -T L S R m — 


(26) 
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(27) 


t ? = (o.506 - 1.0788 x 10“ 2 r z )(l.294 + 2.4417 x 10“V, 

- 3 .973 x 1 0 V, 2 + 3 -8034 x 1 0 V s 3 

- 2.2145 x 10” 8 ^ 4 + 5.8332 x lO" 11 ^ 5 ) 


S R -m 


0.9 + 9.4 sin 


(28) 


o^sai a„/9\ ^ P ikJLlI : L eP 

.OwO-wJl Qg-lyg.I^i ! L e z 

.(c5j*Jl i!b) jLci I J,U : T L 

.(ijl j .P <J2JL!1j :e 

.(•bjlj 5»-ji) P jj-ui-sXJl AjjIjJI ! T| 

•q = arcoss (siny s + cos e + cos y s sin e cos (a s - a p )) 

.((_£ ^>J I ilU-J illj) j £ jc ]\ J^iIp ■ 7/ 

.(^jjI j a>-j.s) ijlj ! Ys 

.(ajjIJ i>-ji) 5jjlj ! a s 

.(aj^Ij 7* Aj^I^ ! otp 

i_j^UJ) Ajjwa-Jl AiliSvJl J_s<9L>- : Sr-hi 

.m <L~jJI ajj-AjJI iJbSOl j (Rayleigh)J i-JU-j 

^J-ol ^_*J j ■£ !l Ja-w^^JLoJl aJJL»I (2-7) 7^: — ^ 

.lJUl ^ T l JJd\ 
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.(2 >>LI DIN 5034) uat J Tj_ jLsi\ Jv-jdl : (7-2) JjJJrl 


T, 

t >LJ 


& 


J*Vt 

3.20 

3.8 ±1.0 

4.80 

j± /u® 0 jilS 

3.60 

4.2 ±1.1 

4.60 

J)ji /1> I A 

4.30 

4.8 ±1.5 

5.40 

1M 

4.80 

5.2 ±1.8 

5.70 

/0W 

4.90 

5.4 ±1.7 

5.80 

U$ 

5.60 

6.4 ±1.9 

7.40 

six 1&J&- 

5.70 

6.3 ± 2.0 

6.90 

six Iss* 

5.70 

6.1 ±1.9 

6.90 

M 

5.20 

5.5 ±1.6 

6.00 

/J>j 

4.00 

4.3 ±1.3 

4.90 


3.30 

3.7 ±0.8 

4.20 

/ jUI ^ 

3.30 

3.6 ±0.9 

4.10 


4.70 

4.9 ±1.5 

5.40 

eS^-J' J-jil 


j*-5j CIE o jZ*i ‘UpLx^itAJ ‘LuLJaJl 

_pUJl JiLL, <. (1990) 85 

t AM 1 LSl^l Ji50lJ JjjULsJVI ^pU-S^I oU 4 (8-7) JiCAJl 
.iiUJl pU 51 AM 5.6j cAM2j cAM 1.5j 



iy. ^jUJ ijSB W m' 2 sr H L P (yp<a P ) '..LiSJyi jjjji :(8-7) Jiia 

.(J^l juaj i>jJ ^ ty5=30 o mjs= 120°) 2 *>1 DIN 5034 jrijJl 
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.(1990) 85 (ij 
^Ul 5-2-1-7 

^1 Jl ^ jjs (Albedo) ^LJl 

^ajLs<a^- ^1 p I y>^> dll 

i_jI«^>- ljL>- ./g 1 1 jj-a 4 j) . J» jJL«Jl <L_jljj (_yijVl ^Ja_^< 

.dili /Ju JU coLL^Jl ^ jU-ja V ^Ul oU i^Ul 
^jf- oULJl (7-3) J jJe>Jl (j—i t ol>L~>Jl -bj_»J 

.(Holman, 1990 J lisj) Sjtbgiadl : (3-7) 


u^y 

•S’-)*'' r ^ 

08.0 


0.14 

(uU-) i^A hj 

0.30 . 0.25 

(aw) vl.j w.i 

0.12 .0.10 

(u-j) a^i 

0.35 


0.40 . 0.34 

^ do 
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0.15 . 0.12 

lj^\ 

0.26 

^441 

0.12 


0.18 


0.40 . 0.03 

M 

0.85 . 0.40 




J j ^ill 6-2- 1—7 

ipj-^5 <LiL*2Jl ^LowwJl o*>LpI oIJlaLL^JI 

JJL<>) £-9lj-oJl (j-^ c £_sl jJl .^_^LwJ 

oL>Lw%w>“ .^_>s-^JIj oUaJco oL^-'yi c-JipI ^ (1) j_^j (Ljjjl 
^J^Jl Jl bbiJ t (48 Q N) UUJt fcjJuJ ^jljJl 

4_olv?jVl i^Jl» _> Ljr o-~o LJ j-J.L^Jl _ ^jLsijo'yi 
t0.2 o jJti *IJi>c^Ij (Typical Meteorological Year (TMY)) 

(10-7) J^LJl jJL^j . (Preu [et alj 1995) l la .Aj-> c*J^>4 
5>j jJauJJ lah^o oUUj'y SjjlJ ^ illoS* iJlSJl 

c 48~ i 30° ^^JaJwoJJ L»^l>- 4_Lw<>-a^ LJL®!) ^jsJ! 

L jJL^S. Jl J^S* L>l^) ^wO->eJ^ .(90 q 

tLoLoJ 0 Q JajJL^Jl <u jljJj ,oJl>-Ij (1)15 <u>-5l ^LoJl 

^3 ^aLjL>s { j^ jJLA^Jl (JJlJI (1)^ jJL*& 4-o^sJiJl C^-L>iJL^1 

,<*S\ jui\ ^pU-j.^0 diU5 y& J jiwaJl 

<u j^,:Jl ^JiAJc] ^ j^2 Jl 3-1-7 

jjJJ Lws^Lj jJLoJl ^ jyg Jl 

aJl^IjJI oL.15^^1 £^rj J jJaJl ^ 

< ^y ) ^3^<>jJl ( jyy S s j aL<>jl>c^>JI 

AjjJLwm-oJI ^_jI j_*iJl 3w\_P ( jj-* (1) j_5\Jo ^jJl <L > j */9 « 1 1 <LoJa_}V I 

O^LsLx^j j t LajL^JI 0*yLal_^o-j <OJ_>c-<*Jl 4 _aJjL>s_<>J 1 4_v^L>cJL<>Jl 
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jvaJl jj-o-s <ilaj t 

t_5^i 0 -0 '"-'O^O bl <S"L>-wJ|_ 5 . lyj ) ' <US" ^oJl 

flkJ ( _ r ~«JJl ^ISUjVI *b! ^L^jj .^pUJ)U J>J' 

jj-jjtj J.i-'yi ( _ s -c-L*— £} j_«_i j^JcJj j*-j t jLgjJl (_g j ., <g 1 

i_j j j]k! s^iUJlj ^jLtsJVl v^U-i^J ^l^iil ^jj^\ jL^p'yi 

.ijiUJl »U-JI 



<Ajh’ir<iH y\.f a ilTi-ii rt U jjS JajLJI <j_) 1 j Aj&luyi :( 1 0—7) 

.(Prev [et. aL| 1 995) J Us _, *(48° N) 1*Ull - ^ jiU 

<u&*A>cJl i«ij i^JaJl y [£* j}!\j ..\ a &JI 

( j^a l jjlaJi t 4 ^jLwJi ojj-jjwoJi ^u/yi ^3 

^Jl j <Lo ^ jiJi oi^Lo jJgJwoJi ^cJg-^x 

IJlAj .4_kiLJl y 4_uJl y 4 4_L<J| y 2 jlJLLoo 

^La-J^^L! SjjL^JoI A y>-\ (j£ I l)j^ Ja_A3 4 ^jL*JL<>J| 4 -o-jg >^J 

JaJL*o c 4^LcuJl 4-oJaj'yi ^ .(g-L,^.iJi ^3 L^5) ^^woJJl 

^Ja-w^ LaLoJ L^-lj 4l~Jl ^3 JaJl3 0\j y j^LoJl 

OjoLaJ L5_3j t (_g Oly-\ . 4oa j la * -oJ I 
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*y>- L>Jb iJljjb J-sJadJj .(ob^l jJaJl) Fresnel 

4JLo-s3 1 3 «*> jJLo ^Juj (I Jj>- <Li L/?!i ^3 

J^JI ^U-S)fl iiJl J 60 J>\ iuJl ^ 30 ^ J^J- 
Jj> Sflio (11-7) Ji^Jl .(v> >*Jl bUspI) 

l3-A o l-Aa/2.’> ^3 ^jLdwo'^/l 1 

pjj <. L ^\jpxi\ ^ £^i*~s>y i 

{ j~o I LoJ_aJ jJlSS I c DIN 5034 ( j-° U> ^^3 

oJu^J 1993 (Perez [et al.]) 



.(1965 »Cvon Frisch) Jk,J j$ 


p-J t ^3 Aj j«/2.S\ jiaJJ 4JL3.5 0 

<uL>«Jl ^1 jJl j»jjL <uL>Jl j-oJ jjjJaJ 

(J*>\J>- ^ja lLU3 jJ j .Lv^jI ajjLo-*^JI <u^L*_j>^/Ij ^j«vwo-*^Jl ( j-° 

^jij>- LbuJi (^j^tvajLo'y ij c ^oiSob^y i) 4j j_v2_ji 
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ot Lo-jj .((12-7) JJLlJI UuJ Ju\) ,_AJlJul!I JJ~I Jj 
^Jl JL-lSUttl oU 1 1 jLgJ .Uj l^lkiual JLai tcuuis 

iiLJl ti^UuVl ^ I+J ^-SUuJl *J ^Ikiu^l ^*1” Jlp jujjo 
j|j ^LSLxJ'yL; JLiiJl : (Krauter, 1993j t Krauter [et. al], 1991) 
i — (_£jl2Lii'yi (3j-* 4U_«Jl ^ 5 ^ 0.5 jIj_L«_j 

^3 ^_A aLU-a (_£-Ua ^Jp dJLLL! ^)ldJLaJl_J .«. — 

Krauter andj t Krauter [et. al], 1994) i ; <> il ( _ s » 20 ijJ n- 

LiliJ ^IS^VL JJLiJl j»JJL> . Hanitsch, 1996 

4. o . l g ' Sa-LiS" ^ j] l-o .^ a Lal^ .aj o^iaJLxjJl a — UjlJL-ia 



oULkU J^UJI 4*Jl jA\ ^^aJl ^LJI 1-3-1-7 

LaJUP J >- T ^y]] ^j-a (Jlib'yi -Up ! ^LrJLU jll -IsjJL-J I 

oii (j ^1 oiLo ^1 (« 0 ) -,<? ; iiliS’ oli oib> j-a ^L*_uJl JJ^Ju 

Jiilj (7?) ^j-^oU-a ajj>- t(ui) *u j -a i “LslU5 

UU- J, (13-7) J-SLUI j&\ tc5 u-Jl ^k.Jl uup (7) 

jJl J»jUl 
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J!u\) UjiLUli _> T ( _ r ^ J iO-,lSU2Vl» _, Uj R 

jJL«J ^jUJl ^L—SJL) (£) -(1991 (Dietz) *>Ll. 

: E = / Jl (normalized) 

(29) 

T = \-R (30) 

iJU- Jj» jSSSfl ^Jl £^Jl : ^IjJI Js yuJ I 

iL* .((7-14) JSLlJl ^1) jJ> ip^Ul 

(Born *>Vi» ^Jiil) Fresnel itaU-o 5Ja~d_^j 

. 0 in J» K*, ijljJ and Wolf, 1975) 



.(#,„ f 0°) ^UulU jll jjt LjLJl lit ij Jic I J siUsIl :(14-7) Ji£l> 
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(1) ^l^Jl j\ ([[) ol^l 

■ io ^ . <a «j £jS- 4 . \ a ( J_Sb-Xo U_^_;L^J>- il)l j-S—Jl 

JUaL) JV\ Jlp J**; (R ±j R n ) S^UJl oL-lSUl^lj 

:(c r i^jl jL^'yi J^UJ JLidl ^J>JI 


R tan 2 (6>.„ - Q ou , ) ^ sin 2 (6>„ -6>„J 

11 tan 2 {0 in + 0 ma ) 1 si n 2 


(31) 


• i_y*^ *b.sbbJlj 


7J=1-J^ T±=l-R± (32) 

• (_5* ^out jb~sbi*yi 

6> 0Mi = arcsin j~* sin<9 ; „ j (33) 

*J>Jl t iilsco iw>- j-a J| ji?lj ^1 j^J ! ijS" *J* 

tuJL>- ^i) ^Lo-aJ j»J_p iw-S" j-oJl J^Lx-oJ k 

(J ^Jg-D Jg.A.3 0 ^3 

: y>c ] I t(Azzam and Bashara 1987) j* 5>- ^JLo 


(^ - 'll 


/£) : Jl i >UJ 


0 n-lf+k 2 
= (n + lf+k 2 


(34) 


! ^IxJLlJ ^*>>1 jJl jS> Js? jJL*JJj 

// + |g| 2 x 2 -x^ + Z^C/y + y) 


£ \ : 


x(fi + y 2 \j2( M + / c) 


(35) 
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( 36 ) 


R ± =r ± r ± 


* M + x 2 -xJ2(ji + k:) 


H + x 2 +x^2{/i + k) 

» 2 4 y 2 )[* y 2 )<e 2 ^'/-> 




y = sin(0,.„) 

^1 Oji yj w>L <j <Sj"> H 2 ‘Y‘X ik jyjJl 

.LgJ 5iJL>t^ ioLys ‘uil?- 

4j 4jj./a.)\ loliJl 2— 3 — 1 — 7 

j v? . ll JL>Jl (J^2>- Ol JaJ L«Jl ^g-^w-owJL:! £-L*_ji^ll 

JS-1.5 y ^^slvaLo'yi ^ia^ly yyyJl OJj>oj t yXJLis yo J-s^laJl 

tils' jiii' *y jlui j_^uji jl>ji jiio t^jUJi ^isuivij .s^iji 
jJLil) SJ_LJl y y2jljJ i><Ljj_>Lll J ^ks>- ( _ J J_p > yi jj>u JSjj Jj 
.((15-7) JSLUl 



4-ij-^aj (JBli <J jliill : ( 1 5-7) J&wiJt 
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Ja-» jJJ j i «/c» J-obtxJL tj)l y> y* t La Ip yj&J 

1» ^aLx^aJL) ^LiLwJl lj «At L«k-1» ^ ^-L*J| 

j» jJL L^JJ jULj k«n jJl «k-l» I?.* jJl <Jlii)*iL) J»jJL*>Jl 

Xj^oJi c/yu^yi jLijj ,e k+1 jJl jL^'yi Ljijj t e k 

Slla) k±l tk jljl ^UAll c_™>o JaL.jS/1 0*^U~ 

yjL I4J yj> k Jlp ^pUJ^J i sjiiUl *!>>-% .(T 01 

CjLjJL~^> ^-o *1 j-=rl (Jj T k ,i- y J-!L; 4-~SLat^Jlj i.p k>i 

t^UL .rilg.l.j ojj^aj o'^.>L*-«Jl ( _ j 1p JiljLxJJ liJJSj ^UaJil^a'yi 

oLS>Jl ^1 Jil (. j»Lp JJLL, Tj R 

4iajL«Jl 4_»pL*_JiNl ^jL*J l yg.il j»JL— »j . Zj_J T^j ^x ii?|| (OJLsx-oJl 

(J Ap tl 4 >iJjJLJI J*>\J>- o JJ y> J_*j ^UJLJJ .^J, 

iS^L»_ylJ t OiLoJJ ( ^5 La^>'^I JaoL*^o aIsa.m\jJ OiL>cj| j*Jo 1 (JULoJ| J~_yl 
'. (jj (_£l tl <UXx^aJl ^lp $1 4 j^! c dj A>o^-dJl 



c_i>Jl jL^ifl J^UJ Jl^JI ,^JI ois !Slj 

a ^^Lsaiia'Vl J-oLx-o LsAjI t Loj-L*^> n = n — )k 

■ a(A) = \nkfc x <i*>UJl ^y> o-sldJ 

^Ja^vJ J-ygliJl Jj>Jl X*f- Rq 2 ^y»-jl>Jl ( j-olSvj<j*yi kijJj>cj 1 1 

L^j>r lg .*> xxp I c 1 <L>&j ^.JlU Jg^JL**Jl 

. U 3 IjJ I I a-^>cJ I L<kXo c I 

r n = Til ?i2 exp | - a x I 
^ cos 0 X ) 

Roi l^-».^A> 4J3j R-12 
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4i^]gLi 02 OwbwL>Jl JajJL* Jl t L^ajl (31) ii^bcJl ^IJj5xJLwjL 

Ju>j| jj^ Jl^IjJI .(32) ikLcJl flJuk^L 2 iJuLJl 

LSij jj t ^5 ji*-l oy 1 <i_JaJl jm 2 _ 1 J^LiJl 

^ j3*-l o jj o ^UjJl I Jla j^^Ju l 1 _ 0 Ju>Jl -LLpj .dUJJ 

^)j_ ./^70 ^Lt^aj^ 0. Ja-^ jJl ^Jl T 10 L^Jwo 

T 12 *J->- j-ixj L<>_LsJ C ^j-^-A j_1j I jj\jj» 2-1 J_>sj| 

: ^lp J5Lijj 2. 4iJaJl 

r 12 = ^01 *12 *01 *12 ex P { (39) 

^ COSt/j J 

'. J-./g->o 1 AaJaU <LoLdlj| p-1^>-I ^oJ>cj 

r - ■ ^ r ' 2 exp te)g^ *■» “ p i^ 1 )] <4o> 


*U = *oi T n Rtf Rtf exp f (2> ' (41) 

^ COS J 

L^JollS' <LJl ^A oj-A 


T 0 1 t \2 e x P | 

cos 9 X J 


1 - R n R l0 exp 

f^2ajdA 
^ cos 9 X J 


(— 1 <L>cJj- 2L]| 4-y?l «,.g - -a| j^Jo ^Lx-sXjl (1)1 L«J 

; /7j ^Vlj -oV t( >w> 5*0^11) 7 JL-lSUlVl 

) ^j*yi 1 4>o ^jlu 


A,i _ *01 


(43) 
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(44) 


Pi , 2 - Til ^12 ^12 ex P 


- 2a 1 c/ 1 

, COs9 l y 


Pi , 3 ~ Toi Ru Rio T w ex P 


- 4 a l d l 
cos 0 l 


= T m R\?R\oTu 


mr 


(46) 


! 1 JaiJ pi a 


Pi ~ Roi + T 0 i Rn T w exp 

l jr° V" 


A = *oi + 


- la^ 1 
cos 9, J 


lko*i 2 exp 


- 2 ^( 1 , 

v COS ft 


fc <LJl jJLo ^jSs ^LoL^J^Jl aJl*JuJ| 0 J_A 

:j^\S JSLL 


Toi R \2 Tio ex P [ 


V cos* J 

1 - R l0 R u exp 

f-laA) 

COS dy J 


^U-UJI iliJI 3-3-1-7 


4-«Jajl <LoLL> iLstj'y 




UJJJ Ui-lJLJl ^iUJl i 


<3 jJL , o 


tl LiLL) ^ iJli-oJl J-;-^ toiJLxCLo iJLis 

2. <L>hjj-2L]| <l>-jLp- oL-aLSs-*_il L^JaLvi| 
t i-^.LSsjij'yij <LoLLJl l y& <uli-|jJl <^LSo«J'yij 

. j-iloJl J>Jj(3ji(_)iis jJi 
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= T 0l exp 


<«> 

cos G x J ~{ [ ^ cos G x )\ 


T<n exp 


~Mi ] 

v cos Q x J 


1 *10 *12 ex P 


-2 Mi ) 
cos 0 X J 


T 21 JL-aI 1 4^>xj 2 yo Js^LaSI Jl>cJ1 j_lp 

^joj jJlu 1 aIs^o] jj ji Aj'y 

: ii>Jl ^ U^IjJI £fj 


Pi - *10 T\2 ex P ^ c ^]z^l2 


i? 10 7] 2 exp 


- 2 Mi ^ 

I 

v COS#, y 

1 

1 _ /? /? PV1 


r~ 2 Mii 

A “12 “10 F | 

^ COS#] J 



(51) 


(52) 


.1 4^>xJjJL!| Jl 2 <l>o jjJl ys (T 21 ) (JlAo^ I JU-AI Ln* 2 j! jW 


J^U ibliJl 4-3-1-7 

<L>o j-jJlj 1 y> y J-^-j J-^ (1)^1 |tM< 

illjb Ji* J^b J aJl^IjJI oUlSUiVl JI <iU)/b .2 

Jv^LaJI Ju>Jl yo) L^-i^ly yw^>o j_*iJl ^J-p Lv2jI oL-oLSs^jI 

XUaJI JuLJl J^Ull 0>Jlj yx^JJl ^J^)f gyJbJl 

T oIjSLaXS^ L^_L^^Lw*>j 4_x_Jj'yi £-*->cJ C 0 j j ■>/? ! I ]g * ■>,» J 

.aJLjL*JI ^ V L (16-7) ( Jw5v-sXjl ^y l*i_Aj .p oL^I»^-*_>lj 

: 3 i>ojJl Jl J^Ull ^UJJI ^jj ls^\ XbUJl J ^Jlj 
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(53) 



ij* jjS ll <jilijJl : (1 6-7) jmt 

|%J tT2j Ti l jji Oj^oJl i — <LJLJJ AjI ojUtf^fl jJ_>o 

^ L v<2j!j ti 2 _ 1 J^?LaJI Jj>JI -u»p £oL>Jl ^L^*- 

C itaiU jJ T 12 - oA >“ 1 ^ 0 jO Tj2 L _^* J>o l . T2 

2 5-j.U-IjJI 4_a_-JaJl ^j-a T\ (p2"-^2l) T\2 

JULL 1 Jl 0 _ 1 J-^UJI JoJl ju^p J 1 4* Hj A}\ 

:2 4>*jJJI Jl f-y> Jl J*aj pi <>ojJl ^y>j . fi 


A = 


/?i 0 r 12 exp 


1- *12 *io ex P 


- 2 « 1 o , i ^ 

cos 9 ^ J 
f -laidi ) 

^ COS#! J 


(54) 


L Jail**Jl <^>JJ Lo-S* l g *~.A ) aJaj j. laJL) £^>J| ‘lLaLx-a 

axp 2 <>cj^-4J! ^3 kiJJjJ Lo-S* i (t 2 T\ 2 ) <u*Jj Cj *^* J 

: Jl [Ji}i iJJj .3 i>oJ Jl Jl a) J~~S 


r 12,2 


r \(Pl R\l)P\ r 2 
Tn 


(55) 
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i>o Jl ^1 2 Jl x 2 T y 1 t-yd I <■ :j?-l 5 j» 

: jells’ ^ JiLlo ikjl i SliJl ibS 1 . 

ri2 = np . g ^ 2 ~^ i2)A j ( 56 ) 

= jT 


*1*2 

T\2 ~ {pi ~Rn)pi 


( 57 ) 


Uij 


:Ji\ ^dl > dUU 


A 2,1 = A 

(58) 

*i(A -*i 2 Ki 

'12,2 j, 

(59) 

T^p 2 -R n fpy x 

M 2,3 “ J,2 

(60) 

fl2=A+ rifi( ^“ Jii2) i[ (ft “ a,2)A T ' 

-M2 i-lL 7 12 J 

7 . , r l^l(A-^12) 

A!_A + ^-fe-^)A 

: y, y^bji ^ jn-ioJi 

(61) 

(62) 

^isuryij 


(63) 

P2I “ a+ ^-a(a-^) 

(64) 


! ( 50 ) 
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( 65 ) 


^21 exp 

( -a % d^ 
v COS ^2 2 

1 

1 - ^ 21-^23 ex P 

r - 2 a 2 <^ 

, cos 6> 2 J 


gil LSLDI 5-3-1-7 

4_> ■./? >^j ^Jl j-Ji 0*!>\JLS" Lla Oj_laJw<Jl j_JLx_> 

2 j 1 jLojJuJI .((17-7) JSLlII ^1) 

LoAlo (.aS jJlJLoJI aS ailoLaXj ^UsJ^S' o^l 

caJ^-IjlJI o^UJI jU JLJLj .JjLJI ^JUl ^ 

*11* Jjj jUpMI Ui*4 tiJ^ljJl oL^lS^JMlj oLiliJl 
.JaSi 3 SJbJi>Jl ^JSJlj 21 



(l 4j>oj-^JI ^1) 4-ojJaJwoJl ^Ja-w*< JJ^P- ^La-JL!! wLaj 

£o JibJl ■»/?«,> c JiU *y>-j ( j^5^xjwa *j^>- 

<U2-JaJl oL>sj L^/gJLo i ^j-wA <U- s^1aJ 1 ^^tA>cJl 
J 3 UI ^La-JLIJ Lo-S" j_A UlA C d-L5^i_5 l_A3j 2. 4 >J j_JlLI 

LoUaj j'yi 2j 1 jbojLJl c Ijl^J 3 . j 2 
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ayJJj .iS y2L«Jl iS y2L«Jl Oilij i « y g^j \ji>-\j 

:i/i\ i^i\ Jp J-^>J 4 i^.JJl Jl 


= Mh 

Tvs 


(66) 


y. <JL^|jl!| oL-LSUj'yi 1 3 _ 2 J^LLlI Ju>Jl ju^ 

j JL» R 23 ^isuryi) 21 i^jl Jl ^Ual Jl 3 UaJJl 
ol *)H i21 i>tj j*L}\ j»Uij y*~t .(^>- jl » j»Jo IjJ_j ”^2 (J 

ojjy 4 4a»yjJl Jl Jv2 JJ (i>-l 

: 3 i^.jJlj 3 _ 2 J^UJl o»Jl 


*123,2 _ £ 12 ' 


(Ps - R ZS) P2l T S 


(67) 


4 Ja*» jJl Jl <dv»l jJl a-ly-Sfl £y>- 
% *3 y|~ (a- ^23 fel l ( 68 ) 


%3=^Z| 


^23-(P3-^23)P21 


(69) 


j-iJI y> m aJp J^(a>- SjiLaJI 6— 3— 1—7 

Ijl>-Ij LiUii oNl (m-1) JJ 1 y« 4 jjJl*JI ^jI Jl!I yL*j 

JJ jl_4oj t y JLaJl ajy>iLS(j<j|_5 iS y2L«Jl i a « i 

J^ljJl «-y>JJj .(m Jl 123 .. . : yo Sfju) m...l y ^Sl jJl 
: 5-jSfl 5>yJl Jp («i+l) i>oJJl Jl 



( 70 ) 


X*JLJI Ui-ljJl oL*l£*lVl (m-1) m J^UJl JL>Jl jiip 
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R(m-i)m fUal Jl m i^yJl JA 

^Uk: J*>U~ *y>- y>j .^Jb II^Jj T( m .i) J <,{->- fi Ji 

(Jj. (J 'JA o y> JA ly>- j! Sll i(m-l)...l 

:m (m-l)m J-^>UJl Ju*Jl y* °jjy> JI*j (w+ 1) 

{Pm ~ R (m-\)m) P(m-l)...l T m fn ^ 

T \...m,2 ~ T l...(m-l) ~ V / 1 > 

'. Lf A (m+ 1) ^ll <dv5ljJl ‘UJiVl 


= r l -(m 1) X m y [ (gm R (m-l)m )P(m-\)..A 1 (y 2 ) 

1 "" vd- r r <- d* {' 

r,.. m = / 1 - (m p 1)r " i (73) 

T (m-\)m ~ \Pm ~ R (m \)m)P(m l)...l 

^-iDl T\ _iyyj ^l..m|| Cj* ^l.-tn 

u^ijji oL^i^'yij .iLikJi ouuii oiiy j 

V 


(74) 


ii> Jj» oliJJl oiJucLJl LJklVl oLtSLLJ J^JI 
t (Klein and Furtak 1988) J_J> ^ 5-Jr j-oJI iijJwa_«Jl 

J..,^ i:> kjj . vaJl <LJu_*Jl . (Shabana and Namour 1990)j 

■ ljj>- jA ob^-l ^^XiLoJl jU 


SlS'UJI gfc 7-3-1-7 

ijjlj illj^ 4-xdLsiJl ijiLLJl (18-7 ) j 

• i 9 ^-oJl ^ I Jj>sJLo«» L) ^zj\ j** ij^^o j «,/g ) j»UkJ 
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c 2 mm ^_a 4-a 1 4_S"L<j»**Jl (J ^ L? ] d-w 

. Ti0 2 J 0.05 mmj t (EVA) .^SSj\ _ Jdi _ oL-)( 0.5 mmj 
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(jJU Jp £>3liJl (19-7) JiLlJl JL> 

(J-j-JaJL; - ^ysl j->Jl y_>L-0 ijS i_iv2jJ (^y jl» / jliT 21) 

<L = J_*_tfJl kjLJaVl _ DIN 5034 i_Jvsj_«Jl J>j_«jJI 

.LJUsJl *U_~Jl cij JaJ CIE olj! ^ AjLi-VL) 

t y?l , /g : jNIj i (4-7) ^ 4 JJ 0 jUJ^fl o*^L*_« 

ol5U-tx>Jl Aj&J Jj <jA^P Jl 4™^! J LUl Oj*)1iII oUJll 


30 B 4jjJj 1 *1 yo'yi lai- i. 




.JiiVl L*>U» (_5^aJl 

i3j J jl*j I jJS ^jAaJ>^j Jl *bVl ol jjk oi!>Ul JloJl 
,(iL~o 6 ipLJl) J Jij (l^lw? 6 ipLJl) 

ey>*JJ JIp JjLjj Lo-A j ~~ j & oil _y>waJl O IjL^wk.! I jllla 

jj-^o-Ojl (jj_J j-«2> J~3 .IjyOv^jJl J»JL*J| Lljj ^-JoLU j_OL_«J| 

J»l5\j«jl IjJls ^ybtj ^AJl lg49 (_£jl20b*yi *y>Jl l^JJ _J Aj«jJ 

Jl liL2>| . JJ> Lo 0 .,^?9l ioliJl o J(l t 5 jJaJl .Ale- .L™3 I yw> 
pH?.... Jl (_y2j<j fly>-| ^r / “ 4->tHjJl ol JlxJl j*-~3 J tOlJi 

jL~Jl ye- L-_«o o olil y>ul 4jaj>-*>Lo ySs^j ! ^3j_«jJl l J-P 

Jl lPJ, J^l 11* j ‘U^loJl oL-l5UlMl oJoJ 131 Jl/VI 
COsioJl <JL>_alj . ioJl J 1 3 jJlj>- J Jilo _yJJLj 

• iuJl J 1.5 J -Sj-Sj-o-U JU _yJL4l Jl (JiJj tij-vjl 
]g49 ^*1 Jl Ijlll ^lOjlol^ ^Ull ^O l ^jJl (JLo-*|_j 


dU5 c 


j lO-Jj t ij5L«jJJ IOj>- “tlLe- oIjjJ-4j ( J| 
.aJuJJ 
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jl o^LoL*_o : (7-4) Jjjl*JI 


Cf-J 11 

J-t*- 

n jUSSNI J-.U 

*s-jM J>J| 

J> Jp) SaU.1 
(s. jiai j 


1.22 


400 

(Optiwhite) gVj 

(Flachglas) 

4.56 

1.52 

550 


1.96 

1.52 

600 


4.38 

1.52 

800 


5.31 

1.51 

1000 

(Gueris) 1991 

323.20 

1.49 

400 

cElvax 150) EVA 
X* i2Jj20 o-d 

(149 °C 


26.15 

1.47 

600 


23.65 

1.45 

800 


25.20 

1.44 

1000 


25.75 

1.43 

1200 

(Lelievre [et al.] 
2005) 


2.10* 3.10 

300 

(SiNpH JT4-V 



2.23 ' 3.42 

400 



2.00 ' 3.30 

500 



1.98*3.06 

600 



1.95*2.92 

700 



1.93*2.87 

850 

1985) 

AaJaJl 

J U- UJJ\ 
Ti0 2 
u-UiAlt 

2.73 

400 

■*» --/*> Ti °= 
(C» 300 s Jjr 

2.43 

550 

2.39 

600 

2.30 

800 

2.27 

1000 
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cNH,/SiH 4 ^i_Jl jUJI i__J i+ail *-WT J> -lLju; jU&'yi JpU. a 

jij Las' lji cJi ljs :ti,t i~uJ' aiL- jp !jll (jpUiayi o^i^j 

J-U* ilj LOSj jUSLMl 

‘k (X=350nm) = 2,99 : Palik 1985 _y» 0 jSLLJU r\ jUS^Nl J-Ul k s_ijM ►ji-l * 
= 0,01 ‘ k (1, = 600nm) = 0,03 ‘ k (X = 500nm = 0,07 ik (X = 400 nm) = 0,39 

,k(X = 800 nm) 

<ui^tU 4...U.aJl Sjl Jpni Jl JAJ 2—7 

I ‘La^iaJLaJJ 4 j>- <LjL> j ^ ^1' o^-LLlI -LgJLxj V 

p. ^di ij— iJi Jlp ij. W^' ois 

aJl^aJI JpJijJl ojl L s/2jI Jj t Jgjb l^^L/g^l 

i^pkJJl ojJLiJl Jp tSjl^Jl e^Lj ^Sfj .L^UJJ 

^».^-oJl ^ l<Ap • — 0^5 <ul$JI ^3 /K oL*/g.i.>cjj 

l-Lo . ^ Ojl iL>cj| 
L>^\j>cJl pi ^LoJl (^jl ^>«J| JjiJjdJ ^JJLoJl (^£jl J> cJl 

^Jl ^Jl 4-a^_iaJwoJl ^Jg.**> < L^_) {J^.3 ^-)g-*.A» 

tioj^^Jlj c Ajjyg Jl 4_P j^j>c-<>Jl p-wLoJj . | j p>j>tJL) Ja^a>c_^Jl 

iL^UJtyl : LJ^I J^lj^Jlj oUu^Jl Joju i^l^Jlj 
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i ioysAlljjijl iilkJl tioliJlj t ‘L^IS sju'^Ij 

i Oa j) \s « .o. LI y>Jl c Ojl jJSnJl iS->\Jl 3 Js}\ 

OLslSisJl 5 jl j-> Jl c ^Ij jJl ic- t ia_w>c_«Jl Ja_»i jJl ojl y>- 

iSJ^' oNUJl !yJ SlSU^Jj JjLJI jUi)f frL-JJ 

^jl ^Jl J-^JI ^ ^Jl»jJI 1^1* ySji ^1 J-l^tJl Jb4 oU 

iiUaJl CjLILsJjl! l . ]a . \a i *. j Low^ij (20 — 7) JJJxJl .^y^—JaJl 



2Q = 


Qjl *6^ 

SiliJI <(1 ji o .jlVul o-jUJI j UilJ iiUJI olijJSl ^Ljiua f*,j :(20-7) Jl£J 

j*Jo ^Jl L^-lS" 0 * 2 .^ I c oUJ Ij^jsJI Oy^j ll)l ^ jJU 

(J-jJjJl J-Jjj ,yj «ii g ■ i j-iJl l «, 3g 9 U l ^ l *, & ~a\ 

<_)L«_aJ C -Jl OyLiJl *>JaLS’ ,/3 : -a^fl 

jj>WJ |Jl4sj oliJs (_£jl j>d\ J^ijJl jJ yj ^yjLvaX^'yi 

i iJlp iilij ^^i-P (J J «<g >J I J^-l y* 03 -L>cI~~J| il y«Jl oV 

^LfjJU ^yol ^ 2 : j^I ^LLj>) |JL>- Jl >^> L y>[ .p 1 jNI jli IJLfJ 
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J jJaJJ jJ 0.5 JJI 2 mm ji Optiwhite 

_ J JlJ _ ^Ua^o'yij 1 1.200 nm _ 400 nm ^ ^ j_<Jl 

<_JkU iuJl J 1.5 zja Jit (Elvax 150 iSJU) EVA ( JLJ)f| 
.(1.100 nm _ 450 nm ^ ^j^Jl 


J^JUJI ^j\ j^\ Jjdl 1-2-7 

e-ljaJ^I j jj <Lo jiiLoJl Ja_^ Jlc- 4ilk_U Jl$Ul (jiJjJl 

:^\ 

f-Lo-^Jl <U>JaL«Jl Ja^J ^L*-5Vl - ojl jS^]\ <JjLj (I 1 

.(;_£ j^c ] I i s”>L*AJ (_£jl j > Jl (jjL-Jl £ja ojej) 

Ja~*> ‘UjaJ^Jl Ja~J £j*jjl - ojl y>c ] I (JjLj (i— j 1 

Jp J oJiuJl) ojiijl Jl _pJl ^ tijI^Jl JlilVl (2 

.(j»jJ| Jblj- la-ax^jl Ja~jl ojl^p- <k-j.S Ji^l 
0.35pm < X < 2pm) ^p^o-dJJ 5 Ji J Jyijl Jpl*->i>l (I 3 

,(V = 0% Iki^ 

0.35pm < X < 2pm) JijLLijl Jysjl <LpL«_jil (^_j 3 

.(V = 70% 

^k- ^ i^Skc^Jl v-^LJl iciVl) (Albedo) J>Ul (^ 3 

J 2 — J-* J“^ 1u*jj ‘oja^jl Jp J>jVl 

.(<iJj <bL~>- |jj>- c_~*-kl ^ iaJalaJL kst^jl 

<LoJal«Jl a 1 z ^ j\jj Lj>- 4iUaJJ J5(JI jiJilJl lj_a> 

►L^5 Jl ^Lpo ^ j! (3-1-7 ^-iJl Jill) J^-dJl JUJIj 

<W?U<a^»l j*Jo (_£.iJl (_y* Jl kiLiaJ I .iJ Ja Jl JaliJl J^ 

■ ( jJPxJI (_£jl ^>Jl JpJl Jj>Jl ( J 
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cSjL-Jl J,> jp j*l\ JioJl 1-1-2-7 

' J 

Sj'j^- ^Tj- 5 ^r“ |*-pjJ(; 

4-lj-JL«Jl iiUaJl jl SM i jLj-Jl J *}Lj>- ojljjo- <t_^-j.s 

J-oLxjJI /> * - *'** I.X^_Jj C ^pL*_^Nl JjLlJl (j_) ^j_P <Lo j la i *>. Si 
. 3-2-7 j. oil ^ U=-V 1 $jui 

Sjl i^j-s Jjji> j-P JJ-J-Ul ^jl j^Jl JiJjJl 2-1-2-7 

Ja-^wJI Ja~* i^Jl 

(Cp = 7.3-11.3 L~J isAi^Jl S-pjJI iyljpJl oujl 
Jv^- jl^>JI JliilVl J-L^J kJm^K’ 1 ) 

jJaj| ! olxiX_»l) L*j J a-j>c_«Jl \a «nj_!l ojl jj>- 4_?-j.i OjJiLoJl 
ojl jj>Jl L*-ji oL-Li .(3-4-10 ^Jl 3-4-10 ^ ^LJiVl 

1s*a j)l ojl y>~ 4j>-j.5j <L«^l^*j*yi aS <iji jVp <UpIjcJj^/Ij 

1987 (Abid) Jli ^ o- U jJ» .Ji^Jl 


(1987) JbU d\ (>• pj-Ji* .pJl JjU- Sjl^Jl i^jj jL, J,l^ 


OU^Ml o\ Vj cU^liJl SjUJl LJ-LlJI 18 cSjL-J 

(t 0 =14) (jjLJ LgJl 1992 (Farkas) ( _ r -lS' j) U ik^l^j iijJb-\ll 

jj^lS'jli ^^xJL> J—jixj 1 4-»LiL>Jl oULjJLj ijjliaJl J-*jj . <LpL^i 

JXP <U*»lJLoJl ^ ^ .,/g S ' ojl A>-j5 iLillaj J ^ lg) (_£dJl 1 1992 



(to) j-<W? ipL~Jl -LLP 1? . >e-qJ' 1 ? .^j-L! ojl jj>- 4->-j.S ^_v<ajl ^jXJL 


C— iL? I_£j>-jX 3| (_jJl igj .. .g all ojljjsJl 4 j>-j.S j| jM <, (jjj-»X> 




(75) 
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. (K) Jg*g-c-oJl Jg.*,<x ojl 4p-j5 '. X A 
.(K) fJ Jl o jl ^ ^ :T a max 

. (K) Jg^x ^Jl ojl y- 4^>-j3 Jg^x ! T a 

. (<pL>>) ^ ^-Jl OjIS^I ! t 

,(<pLwx) Ojl j?~ 4^>-j3 ^4/9.9} 0*3 ^Jl ! to 

ojl y>- *->-y j j_SLj t (Rauschenbach 1980) ^L joij J L5J j 
oIp^JI ~o* iUUJl SjUJl jjgl^Jl J W gU Jg-^Jl Jg^x J| 

oUi”! jZ>}\ oIa Sj! j>d\ OjL>-^) 3 Jg^j j-^3 . ^~L> jJJ l-L>- 4.*/?.i.>cOoJ i 
4J0 S*) <LJIp ^LaJjI LIj j w-Llp jL>cJl jj>cAJ 

OL-l&uVl SJ_pL*m-oo 4ol (1980) ^l*OJxjj ^Juj .(4 +/3 i> 6-La AM 
70 Q C ojl t l^Sjj-a 0 ^AUgJ 4-w^j^l 

Ojl jPx Jl 4p-j5 jLw**a -L<0 *j l 41^-IaII j+& 4^g*“lLoJl ^JjJgb-oJl . l^<*-a 

o.1a Jo<J ^ II 4J J-v g -iJlj ^LS l Jp J-^-^ 

o^-aL>“ OjIoLo ^!Oj>cJLwx 1_} 3 j^OLoJi 4«^>“ljwoJl <-2j jJgJi Oj!^ ^jJgljwoJl 
.0 jl j>\ Jl ol> jjj 

<LpU^VI yj& j* ^jl jp%}\ J.XJI 3-1-2-7 

4-s_pL*-Jx|j 0 j_JxL_o 4_*_pL*_0>j 4jg_sLwJl 4_*_£'L*_Jx^M (J j_S\Oj 
*U_£-L*_Jx^/ I 0 J_A . j*)\J ^3 4JLL*^oJl J[ i ijjUjol 

— 1 — 7 j-JLoJl ^ J yg J I ^Sj-<oJJ JJ>-wLo-S" 4jg3L*Jl 

l*LpJ JU* N SJ^JI Jl J^gJ ^Jl cILpUJ^H .3 

^^3taOU Jl ,*-ALw*w$Jl ^A t 4-o j^-ygol ^jjJl 4-l^*Jl f-lo ^Jj 

J (^Ul) v^jVl oL-LSU^I jj lilj . J^jUI lSj I ^>JI 

; 4gJlyg 40^ 1 jU C jlop'yi 
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Q - Pin (l VPV ) _ ^ ' Ecdl (l V PV ) 


( 76 ) 


. (m 2 ) <u >uU ^^Lo'yi ^k*«Jl < 5 *-L^o : A 
. (W.m" 2 ) iJ^Jl J\ iUI j}\ : E cell 

.(W) Jl Jl J ejaiJl :P in 

.(W) iJiuJl J JKJl jiJdl : Q 

. yg:l jiJl op-IaS* * ? 7 pv 

• J 

^ceB =0 -5^/r( r 123 J || + 7 123 ,Jl) + J + E difA a P^ T l2^ a P d r P (77) 

.(Wm' 2 ) 4 »jkuJl JIp o^LJl a^UJVI :E dir 
*>. A„/9\ ^ A^_s|jJ| P Ah A Jl 4 j jLslJo'y I • E d jf (P ) 

.(W.m -2 ) iJiuJl Jlp ^jUJI SJ 3 I 

•(^~J^) ^k^U d-O-wsJl Ajjlj • 

P ikld! ^li^l ajjIj :y p 

t^-ididJ Aj yg-J i Aj^IaIJI *^123 

.Jg ^ ^oJl *■ > Ik. I ! || 

.JgjjLJl (J ^ j^Jl ^Ikil^Ml : _L 

Of-LLS" ^JwP JwOw^Jo 'y Lj J ^S' 0 -L> J--J (_£ JJl *J_>iJl 

L./g->cJ i <Lo^lJLd AJL^_> ^Lp k/g-n C k-A.9 A_LoJ^>c_oJl 

^ jwajaJl AJk^f^Jl ojJJiJl l)I c k r ^ : :l! aJj>JJ V-I 

(Jl ^>-^1 I .A ^3 jiaJl .klJdll LoJ>l.i L&dg-l /%Jo o j3 1 ^L$Ji 
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jJ ^l!l l L>-^Jjl o J>\ jJl j! j«<aa !l o Ji\$ c_3j jia ^1-XpxlJ 

^l-X^eJL**>^\J <L->0 ^^-^J s— bj jJaJl oJa (1)1 t ^oSj ^J l ^>Jl 

.4^**-$-Jl cJ J ^-J-5 ^jLJI 

L» ^:J1 J>-ta ^ Sjl ^pJI JUJ 2-2-7 

^^_Aj Lo 0-L>-Lo ^_SLo»j ^ Jl 4 -^pL*-J 7^\J ^^U-J I f.^J>cJ I 

J-v^j l)I ^-—>0 ^ jl j^>Jl Jji-XJl I -La >l £jI (ji-XJ -LJ^Ij 

La jiaLoJl ojl j>- L>-j^ jl t ( Jic^a y>j\ j>- Jji-XJ) LajJaJ-Jl 

.( yl~~o jS> iSj\j>~ ji'Xj) 

^jl I iaia^Jl 1-2-2-7 

(^£jl jJ>cJl (jLLo^yi jL-%^a C LajJaJwoJl (JjJa (^i ^-^-JL 

ota J)««la7 t ^Jlllbj j*&Ji\ oLJaJl <JtAi>- LJj 

L r »> Jl IJlaj .(^pl^J ^ ^Ja—* j-^sL) oU>U j_>-! j Jl?o 
J*>L>- -XjIjjJ d-olS” o JjJaj_Jl <L>-L*^wa d)l ^_p jJL I jJJ ‘w— J 

^,/g a >- ^L-a L^Joj .((5—7) JjJl>J| j-laJl) LwaLoJl ol jJ— Jl 
^JJJI (Uj LaUJl iJuj ^jUa)fl JjLllll JJuill *J ciiiSJl 
.-bJ jJl -X*Jl ‘W’ ji 5o (jbijJ 

. Lj j^sJ y}\ L j^!a;Jl o jJj j^JaJ : (5—7) Jj-bJl 




(W p ) SjJJffl 

(m2) ^ U ' 

&Jt 

t ojj-Lo LtAi»- 

' BPX 47A 

10.9 

0.17 (0.47 x 0.37) 

1979 

sc-Si 

BPX 47B/20; 

18.3 

0.27 (0.58x0.47) 

1979 

Schott/ oSl 

PQ 40/50; 

50 

0.50 (1.08 X 0.46) 

1983 

‘ !j> ^ 

SM 144; 

130 

1.50 (1.47x1.02) 

1985 
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ia jtj'.oll ^ j fc <Jl js*i I JiJdl 2-2-2-1 

4-l>Jl <la j lg^o.ll Ji-ta J-w» ^T* 5 -^ (jiJjJl 

L^j>r \a .*> iajiiL«_L! ( _ J ^Lo , yi ^Aa .~!l t _ 5 J| oll-is ilj'Aa J ^ka-j 

:Jy\ _p^l J* \j 4 

Qf =A{T c - Tp )i| = (78) 

& = A{T c -T B )t^- = T -^- (79) 

/=4 “/ n-k.B 

(m 2 ). i*^JJ ^.uSfl ^kJl : A 

.m ^ i iaJaJl i£lw :di 
4» j la ^ U ^yiU'yi £tia~Jl ^1 L*>\AJ| ^0 (_jjl ^>Jl jjij^Jl : 2i? 

(W). 
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^jLLsmJI ^\a .Jl (_^jl j > Jl jiJjJl ! Q3 

• (W) 

( ^oUi'yi (_jJ} Lj^L^JI <jjI j^>J I ■ Rk,F 

. (K.W -1 ) S, jikxJiJ 

^j!_L>JI ^lg !l i-jjl j_>Jl 

. (K.W 1 ) i. 

. (K) iLUJl ojl j>- Is^ji : T c 
.(K) ^.uSfl ^kJl ojl Ijs- : 7> 

. (K) i. jjipJJ ( _yiUJl ^kJl ojl jg- : T b 

. (W.m 1 .K 1 ) i ^JaU hj _^>Jl UvgjJl \k t 


^ j ^ J j=J J^joll S jllall ^jljaJI :(21-7) J4AD 


(jijJlj (T jjj Tp) 4»jiaX«_U ( _ ? /il>Jlj ^yiLaVl t j~>r]g-Jl Ojl J>- 4^-jJ 
:/Nl J>JI > c|jlj^Jl 
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(80) 


T _ Q R k,F R k,B +T F R k,B +T B R k,F 
R k,F + R k ,B 

Jl ^j \ JiJdl 3 — 2 — 2— 7 

Jj i iaas 41 jw 4jjI oLLj I 4 J C~~J il j^Jl 

t Qsto (_£jl jJ>< J l .L. AjI Cp <LjjI CjUj 

: <LjSn 


• _ dT , .dT 


(81) 


.(m 2 ) i.j]iull ^uSfl ^kJl : /I 

. (Jkg 1 K" 1 ) SiUJ Lp jJI hj y > Jl iuJl : c p 
. (JK’ 1 ) SiUD ZJ y > Jl iuJl : Cp 
. (m) i SJLkJl iS'Lw : di 
.(W) ^jl^l JiJdl : Q sto 

. (kgm" 3 ) SjUI ii\iS : q 

^Lp 7c ojl j->~ ^j-SCa-j c 1 




((2 Qsto) R k,F R k,B + T F R kjj + T B R k F 


(82) 


Sjl ^Jl aJUf 3-2-7 

! ioS/l CjUujJI t j» j»Jo <Uk-L«Jl <Lo jlg^ll ojl iJLo 

(_£jl j^>J I £-L*_Ji^ll (JiLC (Jj jJa ^j-P ojl j^*Jl (JL«JLiI — 1 

.^jSn j *u-ji 


J^>JL 5jlj>Jl JlfcJl - 2 
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.SjjI j>- (_gjl J > Jl jJL ojl j>Jl JULol — 3 

iLoLpjJl «l^Lj lj ’■> 1 1 j-Jl> 5jl ^_>Jl jLiul 

J-^SLliJl ^ oiLp IJL» jl ^j- 0 .4 JL«jsI 

Ij^Jj (. j - ll £"jj ^J-P ^™S' JJJXo , -^-'-*d *^l *^l i Jaiii <LojJalx>JJ 

.(1—2— 2— 7 p—aJl jlaJl) Jb-I^l JbJJl 

^jVi J *L~JI ^ ^jl j*Jl ^U-iVl JiL" 1-3-2-7 
loib f-L-^Jlj LjJaJwoJl j^cJl ^b-J^I J^Lj O Jj>o 

oj! j>- ^>-y ya I L jiaJwJl ^cJg.^» 0 jl y- ^>-y i) j^j LiJ^ 

jl j-* ^*_P jJLjj . 4_>jl <Lob-ul b jJflJwoJl ^r_]g.»,^ j^_ifi_>j l e-L-w*Jl 

(Scholze jJ j-JL) l JSij f-l j-oj>cJI c>j L> jJl> <«bLLj» 

i^UJl ^L*-i)fl cbbi jl Sfl c 1988) 

JalJ jli C^LJL . 230 Q C ^ JiSn ojl j_>Jl ol> jjJ <Jb^l 
<uj cixww>- C 1?19 LjJaJwoJl ^JL> (_£jl jJ>sJ| I 

jU (Stefan-Boltzmann) jLjjl! j_> _ jLLjl^ <j jJli j :? L7 

: tijlj>Jl 

Q rad =(T£AT^ (83) 


•(W) ^jl^l £[*^y\ o J y>~ J3JJ : Q rad 
. (m 2 ) £JL<Jl <b-bva ! yl 

. (K.) Ojlg^ll ^rla ■»■*> ojl 4>-j^ ! T m 
. (a = 5.67 x 10' 8 W m' 2 K' 4 ) jUjJ yj . jli^ c^tf : a 
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o j \ ^ J aJIj^ ^kJJ Ljl ^>JI JUJVl :e = f (T M ) 

.(*J^Jl o^' iuiVl J) ^kJl 
^J-^’i/l lL>L**)1 0 - /3 9 I l53Jj>eJ oJJ^P ^iJl ^-oJl (J JaJl 

(Wien’s Displacement ((^j-jl J L^ljJ _> ^ is »_> (e=1) 

: Law) 


K (nm) 


^maxj ( _ J ^a3l «ttP (nm) jjbJL; ^ys-j-oJl J jiaJl 

. (K) Jl£Jl ojl ^>Jl 


<e>-j.3 (_£jJl 3 j»^*i/l j».Jl (J j)lg 1' t Jli<Jl J^w* ^J»p 

i 8300 nm Jl jjs l5jL*J ^ s 1 _llp 1 75 C° <jjl 
550 jjl j-* (^*_»w>zJl ^Ja_^) 6000 K ojl js>- j_lc- ij_m*ill 

olJiuU LobJl f-LJl jJJ e (T m ) <jJj > Jl oliLuftl jl .nm 
. ^j>JJI ^3 (14 _ I) (Jj*t>cJl ^3 Al«o AJ j-^aJjjjJl 


^plxjjl JjLJL (jjl j>JI (jijJl 
: aJ^I iSjUJL Jmj 74j T : ojl ^ 


12 l-(l-*l)(l-* 2 )Pl2P21 1 


(85) 


JljC-vvwO JSLjL; 4_j j Jl JaLp La 

4-uLLlJIj ^LwoLaV I >b-U ^pL*^£VI J^LJJ o^L&jl?-''^ I 

ijJI JLJ .((22-7) JiLlJl JiJl) ^jVlj c*L~~Jlj 
^JUJl iwJUJl ^yj j p-U-wJI Jl iwJUJl ^yj (View Factor) 

^jVl Jl ^U\ll e_JL>Jl ^ LjJI JUJ Ujj t^L-JI Jl 

jj oVjLcJI jUxJil JJ C J.jS/1 Jl .JJUJI aJUJI ^ J 
\ ( La jlg^-oJl i>jlj CJ~>“) 
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<Pfs = 0.5(1 + sin(90° - y M )) 


( 86 ) 


(Pfg = °- 5 0 - sin(90° - y M )) 
<p BS =0.5(1 -cos y M ) 

Pbg =0.5(1 + cos y M ) 


(87) 

( 88 ) 
(89) 


: i>JU? iJ^/l SLbtJI jU 


<bj jJl (j(s ^ ^2 jj 

! ^j^IS (85) )j c I jA^j? 

012 = (7£ 'l f 2^1^12 (^l 4 _ ^2 4 ) (91) 

:5*^fl oVjUJL ^UJ.VU Ij\j>^\ Jl&l cJUL 

Qfs = <je f £ s a f < Pfs - Ts ) 

Qfg ~ a e f £ g a f ( Pfg ~Tg) 

Qbs = <j£ b £ s a b ( Pbs {Tb ~Ts) ( 94 ) 

Qbg = <J£ b e g a bPbg (ijs _ ) ( 95 ) 

tdj'y^L*-oJl oj-A ^_a ^l^Jl 

:oj J 
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(96) 


Qrad ~ QfS + QfG + QbS + QbG 

(92) J, (89) Jl (86) jj. oVaU-Jl 

JLp c. (96) ^ JjJi dz ^: ^ (95) J\ 

:*fi\ 

Q rad -7?)a + sin(90- -y M ) 

+ s G (t* - T* )(1 - sin(90° -y M )) (97) 

+ a b e b {s s (r s 4 - r/ )(i - cos y M ) 

+ £g 1 T b ~ t g )(i - cos )) ] 

(frl ia>- <LujJiJl J^JalloJl) *>li») 0 j-ivaJl Llj^J 

t*j * t^UL; 1 = Qbs = Qfg LoJ-j ‘Qbsj Qfg 

\Ji\s J&\ i^j\ JjU &l, 

Q rad (y m « 0") = Q fs + Q bg = ct(£ f £ s (T* -T s 4 )+£ b £ g (T* -T*)) (98) 



Au, I ■ » .< !) A-ojlaLil joJ ^ jl jaJI £-U-iV' <p cUl JC. cJLjaj : (22-7) Jiiil 

>J ‘eUJIj 
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*UJ1 Jjl f O-Jj iUoJ 2-3-2-7 

AlilS^oJl ojl ^sJl T h *L-Jl ojl j»- <L>-j.> 

Jp (Swinbank 1963) dULjj— aJjUaj (e s =l) J^-l ^y> 

■J*\ ^ 

T s =0.0552 T 1 / (99) 

ojl 4s>-j$ Taj t (IC) ^-l-o-Jl ojl ^ j>- <L>-ji Ts *>- 

l jJ3 I jjd Lj J ^L>- ~5 ^ * (K) ^ ^ 2 *- >c -^ I l?** jJ I 

: (Whiller 1967) Jaj JJ 

T s =T a — 6K (100) 

<l^**jJI ‘'-jj-I* jJI j»I J jjnJL^lj) JJIj "V j_»J> JJ*yi 4JLjJaJlj 

j>Jl Jlp (Abid, 1987) JJ y. *>- ^ (J-l*^ (JZR) LjJ j>JJ 

:/^l 

T s = 7^ ^/( 5.7723 + 0.9555 + (0.6017) 7 )x 10 4 7 7 ] 1893 /ffl 0 0665 (101) 

4js_Li>s_<>J I ^oLjJI << j-° AJjlJLa (23-7) J^-clII 

Ja_^*» j_ll ojl ^_>- <LlldJ^ 7^ p-LowwmJI ojl 

OjU CjLL^«j>cJ| t ^Lp J^SJXu . 7U Ja^>c*oJl 

. iu)l ^ 40 = HR jcp (Abid, 1987) JJ ^ 

^yuJaJl (jjl j^Jl J*j>JL Sjl j^Jl 3— 3— 2-7 

(j j_^j ^jl jj>Jl J^->cJL> ojl jj>«Jl (J Laij! c2j-\j>o 

jJl ojl j_>- 4_>-j.} ^_LpI T m 0>j_la_LoJl ^lg *.+> ojl y>- <->- 

^y> *■» ^ J^Vl <Sj\ J^»->cJl l)j-^JJ • T A ) a * > c-oJl 
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Lw»Ijj £jS Cu "V 4jjI ^>*J| oliiAlSlj . <taj)ig«.o.l-! .A^-lj 

o'y^Lx-a 4 la ,«l j_i jl jl jicJl 4_4 j j-laj L^_il_»ij>- lj_gJj t 4_9JL> 

^2jLa>cJ| i aj j^SLi "Vjl .1^-* _y> j-* Lo-? tiw~jj-4l!l 

! { ^>tJl 4 aLxXoJ| 4-q.^ . o.]' 



T,l JaffcxB -k-ijli Sjlja. tiji UIjS 7> «L»JI Sjji i»jJ i(23-7) J&&8 

jriUj 

OjLi' ^1 w?U-Jl yt. Pr (Prandtl Number) JJJul^ jAp 
JUa'bflj iJlSc^lL J^Jl Jliftl JU&I 

ojl J > Jl <b>-j.5 ill-i JjJJljJ ijpj .(_5 jI j>JI J-wa jilt 

I4J ^1 jUJl JJJbl^ iJLP ^ .^sUD V L -J^ a* 1 >JI 

.hl‘ <. -~4i LijIjjJl jjp 

Jli-iJl aLjoj^j ^j_5j Re (Reynolds Number) jjJjJ_>j iJ_p 

_ £-jj Iv 2 jI 41o_Jij .(_£ (_£jl ^<Jl ojl j>c ] I 

; 4Jls4jU ?JVa 13 JjiJlxll jSju^ X^s^jup jl LjI Jh.j>\ jlS' lij L>_j 
JUL^I 0 J-S^J ibU^I V ^Udl jJjuJI J, 

i5L«_^ -UJL*j ^IjJa-^'yi jiJjJl jislLo . Ua-<bi^> ^jljj^l 
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^ ®dJL>Jl o j-A Lk))j .jjJjJuj ^J-j JJl j-J ij^jJ_>sJl 4a«lg Si 

^j-0 JJ-Aj (1)1 (JjL>cJ (w 4_P Jj_9 JJLoJl) jJa-s^'yi JjiJjJl iwJ-3 

oUxj! ^ J^jo V ^ L5 >ti- s ^aJl jijdJ iojJ^Jl 4JLkj| 45" Lw 

^j^saJwo j^p) ( j_JL> c JI jIjl>J 1 > 4^a j_p j_^ ciUJJ 

J 

o ji j-o L~~jJI ,_ r kj<-j Gr (Grashof number) t_i j_Ji>l J a-Le 
i j>Jl Jjdl ^ijJ> <Jl^ J .JMjJ! «,JaJl» JI ^jJJl JkJl 

(3 jJjJlj . Ig49 (^jl j 4>J| (JliotAJ ^kll (^£jl ^>cJl pJo 

JgLw-jVl Ojl 4_^>-J.} b ■»* J~°J jI^_>bJ| ( j_*-J SjI J_> c_ll 4 _J>-j.} 

4ili5\JL ^ J ^bJLj c ^ 4 JLs 

^Jwo->c_iJ 4_S" j_>c_^>Jl 3 ^JjJl t 4_A3JJL^Jl 

iili5 J~J_!l j->_ Nu (Nuaelt number) cJL-* J iJL e 
<4ilSLo iaJa JbLi- JlvaJl (_£jl ^j>Jl J_ws _jl J) (_£jl jJ>Jl jJJl 
.^3^rxll oJcs' ^.Ul / 1 . /o I ' J jLl! 

JoL*_<Jl tRr JjJJ iJL&j iVw O-Jx J J) iJLvijLj 

Ra (Rayleigh jLIj .s-Ip jjs i _ s *J a Jl (jjl ^>J| J_«^>JJ j*-^-Jl J-Sfl 
Jblj iJLpi) ( _ r «— J 2L_j«_a LjIjlijI 4^-J Ra jjL>G lil . Number) 
J*>o La i (J J (_£jl ^>Jl <jijje>Jl <uiJaJl ols <■ Ra cr I 

Ra . ( J_«_> I Jl (_gjl ^ p-JI (JlibbLJ (_$jj j-*s iJl?*Jl j»L*~ajI 

:j^ 

Ra = Pr -Gr = Pr 8 ^ Cpplch (t - T ,)m Pr ^^(r M - tJ (102) 
t]k XM A> Nu yM A> 
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I jJ ip : Gr 





:Pr 


. (g = 9.8067 ms' 2 ) W’jVl iuiUJl :g 
.(K' 1 ) jjudl J,U, :/? 

. (Pa s j\ Nm" 2 s) iiLobaJl : >7 

. (m) JsJcJl <IvaJl ji cJ * l c h 

. (K) ia : .>c^J I jJl ojl j>- ! 7^4 

. (K.) A^o ^JaU>Jl 3j| • t m 

I <wOjJji!L Ra cr ^Julj j 


. (Nmkg -1 K" 1 ) j A-^lio Lp jJI ajj! ^>Jl a^JI : 

. P a s j A-w*<Iao p-I A^-jjJJl T| 
. (Wm" 2 K _1 ) H a^U. ^^>JI *1^ ajJ^JI aJl^jJI :jfc 


.(ajjIj S>-j^) <U jJaX^Jl ^UjjI AjjIj :T m 


Ra = 10' , 

jc = 8.9- 0.00178(90° -y M ) l%2 


(103) 


: y> Pr jJLpj 



(104) 
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(102) ^ (103) ikl*cjl ^Ij^L 

^a) jj>tL*Jl ^ (15 _ I) (JjJl>JI j^Jl ^ ^>Jl *1 j^Jl 

^ J -Racr l yj> j— 51 Ra Oj-5(-> l»-LL*-° (^ — 45 s j l cB — 1.3 m 
^Ij iT m -T a > 0.05 K bj£i OT y^srJZi 3^3 

<uLJaJl jL ^y>\ jls\ Ln$L«_> ijl^jJl L«j|j 4 j >=— >^> 

■>J_P <1)15 iJjLo (J jJljJl ^la ... Uj .Lkip- 4-llj^a 4jijJ_>Jl 

: (1972 (Fuji! [et al.]) J Usj) R a > Ra cr cJL- jl 


= 0.56 t]Ra cr siny M + 0.13 (^Ra - ^7?a cr ) (105) 

(_$jl^>Jl J^>JJ (J7 L>a>Jl (_$jl^>Jl jUslVl oli 

:^15 ja (F) ^USfl ^k*Jl («c) ^5*^' 


4a. la ll 4jlj| <l)li t jJaJLoJJ ^>1 la S I ^la ... 1 1 ( y* 

jl y. <. l*J ^_Jl>Jl Jlp tiSUa iojJi^Jl 

JaJLs JjJJaJj jl <h5s«o-jj jjjJa-U £_v?L>- ^jJ>-LvJl 
<Lo^«A>sJl AjlJs Jl ^3 TVm jj ^JbJ . *La j^jg.l..oJJ 
Jjljl^I ISI 4j>JU? (Merker, 1987) ^5^* jU t^liSjl 

: jl R a sin y m _j Ra 


Nu b = 0.56 *jRasmy M (107) 

^aJl>cJI iwoL>cJJ ^Loj>JI ^jl ^>cJl jLio'yi jli t^JUL 

: ^ (B) 

fjf, ]r 

Kc,b= , B = 0.56- — $jRasmy M (108) 

ch ch 
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oVLaL*-a jl baJJoa oLL-^ i J <L— >1—>VI ilSL-LoJl 

7> ^LaSlI t> ^J a -Jl Sjl \j». obrjj J Jljj ^j\ y>j\ JUoVI 

i— jL-~j- J_*j 1_£jL-~j- ^j-SLo-a oj_as ajl Jl ol^-jij . T /} ^jtJ_>Jlj 

oLLLoJl jjly J* juo*j 4_fV Jali ^jl^-bl JUoVl J^b^ 

^Id-gtOaL) ^>C-O~oa lj-Aj .jl ^^Jl 4jL^)g j) - . jg ) >cj t I -X^J .4jjl jJ>tJl 

li— >jJl ajl jjs- O-ji Ji— >jOa) L-b-al ‘LojJ->JI 4 a - ]o ll ajl jj>- 
L ■ - jJl ajl ^j>- 4 j>-j.5 V -Xj (ba jJaXoJl la*** ajl ^ j>- 4a>-j.5j ia— gtoJl 

•jl j5o!l oJLjJaJ 4-51-01 4 j^jJJL> j*-J oUapJ Lob T a. ia-j>c_oJl 

. Tp= Tjj= 7V + 30 K '. jA jj-bJ Jhi\j 


oU-jJ JO> (/9 l C p ik t.Pr) (J y> Jl ol j^JL 4a1>oJI ^yaalvagJl 
l a — .0 ^SjO J .(10 _ I) JjJj>J| J Jj>J-oJl J 4Xl-a Leisi^ji o jl jja- 
j^waJl ( _ 5 JLp 4a..lg; ^) 1985 (Funck) blli Jl? j-a Lio- 

J_o->JJ) (_gjl j_>tJl JlboVl oVl»L*-a t (^jjjJl jjol « ...g 1 (_$jl jj>Jl 

.4jjI— O 4— >1 jJIj 4— aiVl ^ia— >jLI (a j— *_*aJl j»l— jU ^at-Jall (_£jl ^>Jl 
jr“-«^' JnH lt® oLajlj-o.ll ^LiJjl bjlj jl ^ j*Oj-1Ljj 

( _ s — <1 jll j (ol jO->Vl Jaj- JLLp <J j-bJ jUl 4o.laiVl) ^yiijL) (J j -/s a ll 
JaLLa ^LiajVl 4ajlj) Uuj SjljJl jl—aj t ( ^ j-bJ jbJ I OL^-I _J|) 

j£~i (Funck, 1985) j! VI ^ (^jl ^Jl JUbVl Jol^ 
^jl^>JI JUbVL) ^LaL'jVl 4gjlj J* jus*j V ^-.^hb oIjlLo-, 1 
.0 -/g 1 1 4— — o— -Jl 0>La jjg-o.ll ^5 ^ya-Jill (_^jl j>Jl Joa>Jl 4ia— Jja 

, 

" c_ 10 V^ 


^^a^^JgJl tijIj^Jl J-o^Jl! tijIj^Jl JUoVl J-aL^a : h nc 

. ( Wm 2 K 7 ) 
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. (m) <U3 O Jj>o JJl (J jb '. l c h 

. (K) Ja^>~Jl jJl Ojl ^ : T a 

. (K.) ^rlg*^ ojl ^ 7 m 

jJ\J 4J (^jl ^>Jl <ui OJj>o (jiJl l c h J^JaJl 

jljJLoJ JaJl3 ^^3 jJJ^j C /j wc ^jl ^>cJl (JULu^l J^Ljco ^3 

oU jlguil <J! jJal 4j| 1 j . Ai<^i jJj>JI 

oli SjJiiJl oltf :: lg:l (3 j-~Jl ^ 0 jil jJuJl 4-J jw2jJ jjLS I 

5 yb ^y^JaJl lo'^' JlasJVl ojU; 

.Jaii 4l<Jl 


lSj 1 *u 4-3-2-7 

j-iiaJl jli (Jjl jj>Jl J^>Jl j-o 

^^ajl-va^cJl L^Jj l)I N ^ULj c (102) y 

y 1 1 J-fJ XGrj Ra ) j-i-kJl J->- *J_>- <j;l y* Oy£sJ 

oli JaJLi Prj <-Rej <.Nu *0 >Jl 

/ c /j (J ^JaJl (1)13 c ^Jg-^U ^-oJl (Jj-3*AjLl! <L)l^tJ 

ISJj .4»jJaJwoJl (J yb oljl ya y ol>cjl (1)15 ISJ L iajJaloJl (JjJa 
^3jVI iJlgnJl . (1) La l c h= B iojJaJwoJl ^IjjJl oL>ol (1)15 

^ j\ (T m = 0°) JaJii iojJiul! ^5^1^ OJI^J (1)1 t/U* 

<Ljj ■>/? ~ 1 j5J 1 oj-LaJ! oUajsx^s ^^3 c ^IbjJl JjiAl! oL>o'yi 

(1)1 ^j-SLo-j 4-oliJ! aJL>cJ|j ^3 jl \jj>- 0 yy ^ Jl 

4^0 jJal^JJ ^Lo-vwJl ol>cj'yi j}\ ol>cjl LoJJ^P Jj>o 

IajLipI ^ O^UJI ^IbjJl ^1) 

^laj 1) La3^Aj® 
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Ujj jl jL-> tjsjdl ls-j^ JlP I a Lip I 
^IjLpIj LJbJl l $j\j*J\ jULjfl ojLob^ .L,lja-U>l J 

J j I J-oL*_«_j J, J s s i JjLjJI Oj-SL 

lj_aij tR e >10 5 jjk >_jI Ja_L> jJl J »j—ij .4-oljla ,,g*yi iJLJl 

:5j^fl iSjLU Us j sUmJI ^-Ljl ip^J 



l ch 


(no) 


J J J=-Ujfl jls cTa = 293.15 K (.IJU^L 

ii-JaJl J j .(Beaufort) OjjJj-; 2 ( _ J iJl tw>1.33ms _1 

Svio >11) jb-ftl jlsJaLJl cLJkU-jJl iujjJ^Jl 

: (1987 Merker 


OmiRe^Pr 


[ ylPr 1 -1 ) 
0.037 Re 01 


, k OmiRe^Prk 

h tur = — M/ to = — f — r^= 

lch u 1 + 2.433 Re 


(112) 


iiJaJl jU l 1.33 m/s ^ JiVl ^-Ljl oU^ Jl 
^-~spI jJi JjJJlJl jjL j*J 131 jl ‘Ujt i yg 1 1 <jijJj>Jl 

tLsLaJl L>UvaJl <LojJj>JI UJaUj .^JJl J} tij+aj Js Lljla.Ul 

■>* (_gjlj>Jl jAdl JL* jls 


013) 

4/i hh 

<JlUl_>jJI ojJaJw* Lygj g-j ij-S-tlJl y_Sj Js jl L«_j 

L Ulp tiolja-j’jjl 5 j.SjJl>J| iUJaJl J| L»rivgll 4 j.SjJl>J| iUJaJl 
Jp 5 __^UwaJl jplj-*Jl Lil Ja_U>l LjJ^-j LSJp- j j£j 

jIjl^)JI t(^ljJbU SiUJl <_slj^Jl J ^L.JI 
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t^l) 10 * 1 < Re< 10 7 1 1991 ( VDI- W armeatlas) ^ 

Ja_^ j-jl» t0.13 x 10" 3 * * * m s'*<w< 1.33 x 10 2 m s" 1 

:( L Jlfcftl J-U-j) cJL-ji 

^ Nu fc = Nuf am + Nuf ur (114) 


If 0.664 W l&%Pr¥ 


\ [l ch (l + 2A33Re° 


^^*-5 j JlU j^sJI JL Sj l i ^H 5— 3— 2— 7 

cplr^ 1 

^jl j > k Jl ojl ^>cJl jU oU j-w*» ^Jl 

(1) (1)^^ .(^£ ^>Jl ^Jb^>cJlj l—^ww«wl»Jl 

ojl j^>cJl <ji Jj i. JaJLs j O j>o Owb*u l5 JlS^J| 

£-*2 jJlj .oUj'yi <\JLo-a| ( j_$Lo-j 'y ^ j^Ja Jl ^>Jl 

Jwo^>Jl {jja *>15 J^bcJJ <L^>-L*Jl £_>-lj^Jl Jj5 JlJI 

^oLuJl ^a j jJa^Jl ^ ^JLoJi ,<lpLo! 'y ^J5 Cxo (^jl ^>cJl 

ilUJJ . .(Churchill, 1977) J~i fJli. 

c cUl'yi ^ ^ j-wvjaJlj ^A-sJaJl l)L>jI j>^\ 1^*3 

! 4j>JL/? io'yi jU 


Nu = ^Nu)- c +Nul c 


(116) 


^ j-wvui!lj <l)L>jl ^>cJl l)^-<>j>sJI 1^*3 <JL>g-L!j 

! I jU c ^j^aUsxjI 

Nu = ^\Nu} c -Nul c \ (117) 


IjLo jJiLoJlj * 


^3 jj jg"U 
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JLfclVl 1974 (Duffle [et al.]) .lfi\ o^jUJI y JcH 

: Ji\ ii_ ^i>Ljl Ju^Jl 6j>\ 

Kc+fc = Konv = 5-7 + 3.8w (118) 

(Wm- 2 K-‘) ^ J h ne+fc 

. (m) ts-j** wj 

ajj! jj>tJl olaiJjJJ iJbiAj (Hart [et al.] 1982) ij 

.<L« jJaJ^oJJ ^yjLL>cJl i_~jL>JI_ 5 <Lo jJaJ^oJJ ^oLa'^l i JL>Jl 4_Ju>^>cJl 

• jsJI ^j-LoLx^Jl IJL® 


^F,conv z 

= 1.247 3/ (7> — )cos 

+0.2658w 

(119) 

h B,conv = 

= 1 .079 (r s - T a )cos 

Yu +0.825 w 

(120) 


^JUJJ Jl^JI eSjl^Jl JULlJVI J-oL*-o 

: h Fxonv 




. (WmY 1 ) 

^1 

^JUJJ Ju^Jl ^jl^Jl JliilVl J-oU^ : 

: H Bxonv 




. (WmY 1 ) 


(K) i, ^uVl 

lw<ol>cJl ^jg*^ Ojl ^>- • Tp 


(K) i, jJiuJJ ( _ 5 ALkJl 

^*jL>sJ 1 ^C-lg..wX Ojl \ T ft 


■ (ms -1 ) ip^ : w 
. <Lo ^ a! 1 A>3 ^JaJcoJl ^Ia>j! :T m 
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Jijdl JA Jlp : /*ifl J* SlrtJI oiaosJI 

^I^JI ^ J«i SUi bJip oU JU V-Uls ^Jlj-Jl 

Jl oU»)fLi . c ljJVl Jip aiUl oUiodl ^ JLcJ JJuJl 

ol >^i 4JUiJi!l <i jjiaJI oli t Jl <u^JJ ./? 1 1 <i jjiaJI 

jil j-lj *y Jl j-P-Vl I s »-a J <L;J .L/L>l <Lo_£>i 

SjJ'.A-oJl (120) - (118) o'y.sLx.oJl i dU J j 5jjl_s<gjl oULj 

.0*>U1 


k_jL^>- 4—2—7 

t T £ ojl j :>- jUJ ^5^-ojJl k 

J-=~-'-«Jl (jjl y > Jl jiJjJl i— jL*>- J-jJ (j-* 1 Vjl 1 £jL~^ <_JI 
cSj'j^' ji-iJlj J^.uJl ^jJJl Ji4x)l ^ ojj *\j=rk (4 <y>j 
J i)b ^Jt-<Jl ^jJJl (jiJjJl jj k2-~?-j .^JwJl 

LfjL«j>- <uli i.(T b j 7V) ( _ r iL>Jlj ^^Lo^l j-gr la.- !l ojl jj?- 

.jl Jc)l aj* 

ij-o ^>JI ^3jjJl o| ^1) ® <)L>tU 

gjjJt ^jl^Jl jiJLJl c(.k^jl Ja^jJl Jl Sjl^Jl 

*L«_»Jl ^ (_$jl j^Jl JjLj (Jjj-ls jj-pj (_jjl j^>Jl JUuML 

.(^° Ju ll J1>JI iw~il>Jl) J>jV I (“U jlaioJJ ^U'yi l — Jl>Jl) 


ct+e™* 

( 121 ) 

= J Ap ( T f -T a ) + h nCB A b (T b -T a ) 

( 122 ) 

= as F A F (Tp - ij + <js b A b (T b - Tq) 

( 123 ) 
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. (W) ^jl ^j! ^>JI Jijdl : Q nc 

■(W) <£,1^1 ^)fL ^I^JI jiJtdl :Q rad 
i — JL>Jl ^ l l (_5 jI jj>Jl JLlii'yi J^oL*j> '. h nc p 

. (Wm' 2 K 4 ) ^LoVl 

i — JL>Jl ^Js t _ s -*_~_LaJl (_$jl Jl JLaiJ'yi '. h nc p 

. (Wm' 2 K _1 ) ^yiUJl 

. io^iaX«JJ ( ^oLo'yi AjjIjsJI ioL*-j*yi '. Sp 

. <U jla^U ^yila-Jl JJ <Ljl j>JI ! £/} 

. (m 2 ) <Uj)la«.o.U ^aLa^l ^\a*~}\ ; Aft = Ap 

. (K) iaj^Jl h^i ^Jl S jl J9- : T a 

.(K) ^.uSfl ^ Sjlja- : T f 

. (K) i, jJauJJ ( _ 5 iLiJl C.JUJI Sjlja- : T b 

■ (K) <=-L~Jl ojl y>- 4^-ji : T sky 
.(K) ^JS\ ij\s~ :T g 

d- I cLLwo-**Jl ^LJL^Jl ol ^j-^ 9 *-£- r ^JJ 

*>Vi» jJsjI) 4JsjL«JI A^pL*^il)U ( _ J lSJl ^/sLvax^’iU I j^->nj 
^jUJ| ^-SUj^JI J^eU^I ^ ol Sll t (Morf, 1990) 

<l~^«-4Ji ,jLxp*yi ^^3 *yi <uUjj <uiL>ji <^>ji 

iw~>cj ^ajlg«o.!l J'ila- JiUl ‘L^pLx^i^n oLi t (_j-3 jJl >LL*Jl oli 
.<JaiLJl (j3Jll!l iislia t j>! d)l 

jjljjJl JJl>cJ £jL£ 5 olS'ls-wJl ji 

SPICE (Simulation Program with ^oLijj J_L^> * : »1 »j $ £ ll 


248 


yS y Jl Sis'Ll Integrated Circuit Emphasis) 

lfl«l y T <u>^i L^l K aJloI^iuJI 

jJk U5 4 l^J 5 ioLj^5\Jl j*_JjJl SjjI j > Jl j»-JLll j-S-tJ -Up 

.(6-7) JjJjsJI ^ 

Sjrto^l . 3 *t>\ j*J I j- >UJ! : (6-7) J ijJbJl 


VI^I 


M-J* 

J,UI 

U-J» 

J.UJI 

V 

V y^sa ^#i.i jj 

K 

T !i>l 

Cb a as 

e 3*^)1 s^ji 

J 

Q ijjtt 

A 

I o,ySi\ jUdl 

W 

if>\J4 jiJdl 

S &AV 1 

a *p^n jii 

(Wm'K' 1 ) 

k Jyl >1 LU Jl 

Q A VA- 1 

7? Sp^SCII ^jUII 

(Wm" 2 K _1 ) 

R k SJJ-I 

F a AsV’ 1 

C ip^i i — » 

JK' 1 

mc p iuJl 


Jill) oUjUl Jl _,4l J_*> jlJL ij >1 UjUll J-£jU ^ 4 UkJaiAJI Sjj-Jl 
Jw> J^b < jJj, C^U-S^I Sjt ^ JUiL, Jl _>dl J_^ JsJI II* .(Fuentes, 1985 

iU.j'^1, iJUaij ojl jJ-l Jp LkiA SJujjdl oUjUil, jl»4l .LpJI Ja- jJl Jl 
.(Ja^^-til J jJl oj! j>- cf-U-«Jl ojl y>- 

4jjI Jpx . Jl i^-AaUJl ^jA JpJPtJl 5 _ 2~ 1 

yj <L*^oL>- ^3 4 aJj^aJJ o\jyS<3}\ -L*j U ejlj^ Jbb>- 

^iUjJl i^_*s ^ pS LJl \ji~L ^JL- ^3 (UNSW) jLj 

iljjj^p ilL^Jaj BP 255 iojiiuJl jj j*-j i| o*}VpI Sjj5^.U>JI 

.((23-7) JiLUl ^1) JLjJI 30 B ^LL'jl Ljlj 

.oli j-*-o < I? .plj-) . « la !l (_$jl J- o-stJI iilpj j*J Lo-5 

_ ^b>-j ^.i.iiglll (1) j^JJl) <Lj j ipjiaUoJJ ^jLL>JI iw^ilpJl 

iiLyi} <*-j t ( jJjlJ - _ jJ JLo _ EVA _ j_SJJi-p L*AJ- _ EVA 

.k-^jJl ojl oLpL.3 j . PtlOO ojl 4-^-j.3 L y~sy° 

♦jj .ip jiaJ-oJJ JiaJl 4jLkUa ^ JLa y> y Ja-PxpJl 
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.j±p t -\ (JjjjJ <SjJI ^JL j^LJLo > ^LjjJl Lp ^L i 

t j_sk-«Jl o ^jl.3 jLo *— i ±-*13 t ^iJJi LjLyid . La ^-iaj-oJl 

.5jSLrfS3l SUaJJ ^Sfl ^>Jlj cjSIjJ! 

<eJi*_aJl ol~aLJL!l oULoj SLSWoJl oUj jJ ^j-o Jjj ^_aJ 1 C-J15 

L?-j_«_*~a Lal^P- OjjLsxJJ <uJj>Jl Ojl y>- ol >-j2 (j-^ <U±jLLLa 

^p |Jlp- LLll^a 4_JLx_aJl ^Il^JI ipj^< CJ15 Lo-ilP Jaii ±1.5 K <u 
.((25-7) JCUI jJall) SlSWJl ^aU^ ^ 2 m/s OoliJl 



jij JjUj < U- .. ^3 Uiall J 4jjljajl iojojll *o_o j« jt-'W ^joj fUaa :(24-7) JS-iS 
j-ilj .(140° E i31° S VjB Ji-L (Foulders Gap) -±»- jjc. jLj ijL. 

.ijcUiSU J ^.-II e jaJl jo j*J| jK.i £jU!l (^loj -■» 'M l ULu 

yi^£)l 4^-JuJl 3-7 


La S-oLj^SsJl L^±«jJJ 

. (Lund [et al.] 1987) j\ (Green 1995) SUL. Jiu\) «jg-I ji\ i^JjJ! 

*L>- ^j>c-oJl LjL> j ^ ojJjLlI iL>o^/ L ll Ijjb 

Sa-Ld^jl^ c .Is^jL'J! LIaS" 4± ^ . ± La^laio-U 

.^oj>J|_ 5 c <eJj>tJl ojl ^>- (■ oLiall 
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Jukili 3fcjU.ll el£La-*J1 *j1 j^Jl <L*jj <jjlLi :(25-7) JLwU 

(U .1994 I fj$ 21 .blijiJ Uli. j jjlja 4il»L.) 

jUl 1-3-7 

! iAJl I sc jvJil I o y\i jLj 

I sc = } f E(A, e in ) ■ r (r, (d h n(A, T, ), 0, )) • .9 (A,T C > , E ) dA d0 in (124) 


(A). T a^\ 5 jJb jLj :/ jc 

Jsjj-Jl ijjlj ^ iJUS ^jSfl ^AJaJl : E(X,Q in ) 

. (W/m 2 ) 

AjiliJl : T(Ti(di,n(TiA),0i)) 

2. iiJai! iiliJl : %i(di,n(TiX )$ ; ) 

i. iLkU ti^Jl jLXVl :n(T it X) 

.(A/W) Uijj oLkJl :sfA.,T,0i,E) 
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.(W/m 2 ) LpU^)[| : E 
. i (m) iLkJl iS'lw : di 
. (K) iLkJl 3 j! j>. brj* : 7) 

. (K) UkJl ij j>. : T c 

. (nm) ^ _^Jl J jhi\ : X 

^1p JsjixJl 4 jjIj • 0m 

.(‘Lpj.s) 1 ‘LtJaJl JgjJL J l 5 j_jIj '. 0; 

>w~Ua^jj Iwi?- <uiJaJl 

( Jls 3.llp l* yi ^lll OjUjl 0*5 LoL*>1 yJ> 

. < U i L ] g ]' Se-Li^JJ cijL>)LJ 1!I djULo 4j>-U-ojJl ^j->c^vo t 

& J>H\ Vlo*£) I 2-3-7 

jJijl) <laj j-»j L°L«-3 iij j ,,,g ; 1 j-iJ I JjjjsnjJl ij jiaj 

^L^JI jl^pJJ ^JuoJl o! U-.J (Green 1995, 2000). 

L <uLpIJl!I 0*5GL*-»Jl JbJLxJl c_Jlialjj |JL>- 

(.UkjJl l^\ M Oj-S^ Lo LJU ^Jl 

GG^-w^Vl (_g j J. 1 ^ 3 LoLi c jj d s * ! j_aJ ' 

oi oLojJu^l ^ 3lk_^Jl oULJl 

t / m/ , Ll sc cV mp iFj LjL^Jl ^^iJl JU^ 

^L^JLII JL^JI ,(TC(P) <. TC(V) i TC(T) 

(<L^lJL»J! jl) Ojl jJ> eJl 4j>-j.i ^ I Jj>cJL*-*< L> 

a >^w<J 1 <UP ^ JjLiJl .3 jl ^>Jl 

( Jwol^oJl <UpI*_Jc^/ 1 jlp jJJI ^*>UU La3j jLlP^ I ^3 
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FF JsLicJl J ^.Uj ,b^>Jl CU; 

bjib' L. LJLp TC(f>) jli ll^J 

aJ> j.,h :\ ( jjipd I 4—7 
ol~SU)l k-jui 1-4-7 

(j-ila Jl ( _ ? Jlp I.sL>apIj ‘olij'yi ^-«^r ^ IfxSlkj 

ji I ^ *-b 4 IS-.A 0 JI SjJ-aJI bb c ^ caLpE^ <lJ_*jjJ 1 
b*A) jjlp ^JJL Ojb*SL*)J ^Jj^>till oslaS bj \S- j ojAaJI 

b! > JbibjdJ 4lSb«_«Jl JalalJl bis tiwOKibll ojAaJl JJL 

<L^gO^-ojbl os-La^Jl ^j^5b*_) ^iJl 4-o_^a)l jblLpbM ^S Sj>~yj 

iwJUl # JL* .((26-7) JSbbJl _^|) ^1 ^ iL> 5 ^J ^UU 
( _ r k J <J ( _ y Jl t f ] Kuro (European Efficiency) «bujjjVl o*LLSbJl» 

t obj.Sj»j <Lg-Sjy>jJl i-Sj^iaJl s_jL~g- 

f lEuro = °- 03 75% + °-°Ho% + °- 13 720% + 02%% + °- 48 750% + °- 2 7l00% (125) 
. <caJI ^s 83.6 b t oblpl ^yg ^oJl bb<>2) 
^J-JjbJJ . <LLos*lAvy»J I <CASlJl ^Lp SL*)J OS-La^Jl l., (g > ■ AoA*J 

Ubg-I j»JL><CL»J o j . » yg 1 1 (Jbyg-bH ^3 4 -,<g l jtJLoJ I Jjjj>d)l Os-Las' 
Jj>-Ij ^^SLp L?ai i ib . X ./g 11 JLoyo-bLJ ! bjL *JLo oL^SLp 

J_y»j j*Aj Jy>J>Jl jbjj UjllPj tiywbjl 4jjji ^o Lo jS jjbg 


tljbf ^ SiU (rc(/ 
>J (^A* ^-yjyjl ( _ J iJaJl 

to jl jJ>Jl <b>-j.S ( _ j -Lp LsAjI 

. rcfFj ^ >1 
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S' 1 3 .1)^)1 g " **> V ' ^3 jJqjl]\j . j ^~\ ^j**S\~& 

t jJb>Jl OJL>oj .LsAjI jLis-'yi ^ jj-jj Ol '^-~>h tJ-«3>Jl 
^ JJLaJl ^y> ^LpI “Lo j./j j jjiJl J_J Oj-So LoJL^p 

jL^Vl aJi^I ^ p. ib^Vl ^ JOAJI ^ JJlaiL! .J«i 

0 l«Jl J*^ UT oL^UJl ^ 



Jui^aii Ui ^ ji=JJ ju^ji yijs «uai :(26-7) Ji£s 

■'i-njjjV wUsn n ji^l <ii*u 

^ <C>- jju> ^yLj^SCll (_J iijjiaJl 

^LJJ S*LL£JI o*- JuJ ^ JLij . (Schmid 1994) J_J 

: ^SllS (k 2 ‘k] Lk 0 ) o%.l~. ik-lj. 


= Pout 

Pout + k 0 + k \ Pout + k 2 Pou, 


(126) 


.Ji^IjJI JULUl :k 0 

. t/ Lrf* 1 ' J^>A] Xii)\ J,U, :k ! 
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jJLsJI J>1*» : k,2 
.^UJJ U*iJl S*L&)1 :ri inv 
. (W) ^UU U*i]| iilkJl : P out 

.(W) ^UlJ 1}La Jl ^jJl Silt : P raled 

(Jantsch jj J-lj Jk J- J Oo^l ^1 5 -IjaJI cJ15j 
^1 Jl cJ jl* L jL>J J ^ Uk^ LsU 35 Jl p [et al.] 1992) 
.kb = 0,01; kj = 0.025; k 2 = 0.08 : £*>kJl o%.U^JJ jSfl Sk^jiJl 

<Lj j.k:i 1 JJl S jJL2Jl olia^ta ojJptoJl J«l j^Jl 2—4—7 

(J ^3 <Lo^vixJ^JJl SjdJLlI Ojliaj>iL» J^k-LLj c ^»lp 

Jj JpI l _^j£ -^rji .f-UajJl J Jjj> 

Lr ^iVl ^^SLII JLfJtJl jl-JLp'yi J jjJ IS) koJkj^Jl 
2lL* c^lJ J5kkj .(Jp Jikk 600 V) oUji^JJ l _ r ~^Jl 
'. (J ^ a^-oJI ^At ^iJl oLlSJ) (jk*^-><j o*^k)lp 

,<wj^Ij>JI Jl jjJI ® 

. JJ$£Jl iiUaJl Jp j_JikJl • 
j»UaJl ^3 <Lj ^ »/ ? ^ ! JJ I JJJLlI djl l g > cj) 3 oJLjlpI 

j_J_J| Jr' ->_^-j-Jl jlj^^fS^Jl (JJkll 

_jl J Jij . (Tzschoppe 1994) J oiUJ JJj ^ j-aJ JJl 
oUaj»uii <]g . jIjj jwikjjjJl jJjjJl oIj LjLoJi iJUJ 

‘L^-wLLJl 4 jjI Jkj»V ^1 ^ — — w^vj V 4Pj^j»J| kj j ) A t h a ! JJ I ojJjiJl 

k ,,1 g " LoJLLp oL j_*_v2-ll jl jM ,oljb>^j>Jl 3 jJL^- (_j-~j>- 

JlJjJI oUa jji <lJl J 20 _ ilJl J 15 ^ Lo Jl 

.kkii 
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^»UaJl oUaJa^ta 5-7 

t <5LiaJl 4ja*>>l L a j*3 jj j*Jo ^xJl 43llaJl L) 

^Ijj .^-LwoJl J ^j-JLkJl i_jj jJi 4j>t~Lj 4 -JJLLo t d—s-dJl iiUaJl JJLo 

iuJL« Jli«J 4-pl*_Ji*)L! jl j£c}\j iSUaJl £ijjj (27—7) JSLjiJl 

LpUdNl ^ j»L^I (Ills' .ULJl Jp (Cologne) o jJ_^S 
iW 1000 W/m 2 ^JUI 

oLjJL»^3 JILp i2jJL>cj j jJ jS' ^3 4™^«_«iJl 4— pL*_JiNl jg (jl {jJ> 

. 500 W/m 2 J 180 W/m 2 ^ £jl \jS 



(W/m 2 ) ^c.u-yyi ^ 


1988 fie. UiUL jjljS 4*1* JU StUuiyi yu. pjjj J jSSil :(27-7) JiJtfl 

• (1995 tUiLftli t ul U AlUall 4jjLttIY' 4jjfc^aJ1 ujljlu) 

IjiL OJL>J 1000 W/m 2 4iJUl S-pU-l)/! oL_^ ol d~^ j 
(^j^ill 5jJ_iJl ‘■(LyjjJ J ^ l ^-'- p ) 

4j^- 4^-4-^^! SjJ-fiJJ 4 j gd^i V Q-^>o ^L j&\ ^**Sl*_U 

{E = 1000 W/ ijL^I 0 ^JJ\ J)jJ> C^J Jj. dd ^iJl jJjdJ 
t (r M = 25 e Cj 1 1.5 AMj (W 2 
idLlJl oL-SLxJJ (JJLo ( _ 5 Jlp L ^af')l\ 4 -jIjj^SLJI 43U2JI 
■ IjjjjI JL«d <L!L>J 0.8 j 0.65 l y~j ^yz . id o*)L«l*_«J ojl t jSL«j 
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^ iJUJ 1.0 j 0.85 ‘LjjjI J iJUJ 0.9 J 0.75 

. (Macagnan 1992) ^Jall) L hj>\ jU-i j LjjjI 



<ja utjiiis-4 ujc-jd jJoJl a31«jS iiia <jovull <Jk*»3Jk S*tiS :(28-7) Jlifl 

;^Vl J«fc) ^ Jaifl ^^-nS JtffcS J*US 1 O^ 1 ^ JvjU-SUH 

. J di^ 4jta t£J»U& 2 


Jw<>j>Jl JoULj op-IaSsJI oLj^Jwo ^oJo _ 

op-La^J ^/g.i.>cJ I 4_*^l>o j>Ual)l ^3 CjIJ ^..I g.*-oJ 

.ijjLx^Jl oij jJaJl o Jwv^llll ^_3j ji j j-Si> [jaXS' Joj^xJl 

Ji cS^jhi t ((28-7) ^5 s-JL]| jJajI) j j&Lo J^-*Xo lJ_A OJj>o c £_SI jJl 

3jJl1!I cjL—LaiJ 4_*-wai 1 . cj L j^_Ss«o-U 

4 ]g .^Ijo ‘JlJ^JuJl iiUaJl 4-*-w*j i JoLlj 4ojlJLa «L^^j>c_<>Jl 4_*olj j_^_SsJl 

^JuJl ^ Jl* Ij^IS ^ UaJl j j£j j! C-^CJ t IJl^Jj .LpUi) I 

4-splx-Jj^\J Ala^l^j ^.-ULoJl ^* ,a ' ^^ wslo^Jl 

^Lv2jL> c-a SOLAS' 4-o j^l 4-oJaj % yi CjLJ . 4_li>“.-LoJl 
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i_j j Jo £>> JUJUll i_ij jo (jil yj ^ Ujlp 

JL^Ij J*bJ j»UaJl oUj5U y^>J ySU* tOU-Vl yUl J> 
j I \ A ULy.S' ojJJL o«-Li5 ( _ J -vail tJlL<Jl t -Ui 

o^LdS" I s At ijZji ^ 9 1 

Lo t ij jjoa; of-la5^Jl y ( y>ld><Jl (^1 jji y> ojly-j y^-d 

• U , (g ) ' ^^wobjAJl o^ld^Jl Ja^y^ ^jJiA>tLj 

(k_Jsl*j) 5j-b_s<aJl olj j-SbJl y> jJIp ^1 iisL^o <Jle> ojJlS (ji 
L A^/S J_«j>Jl d^by**^ 4*~Ulj Lol .lj-pb^o bl 

JUa-Vl ^yJl <L_Uljj _ J_J«JIJ 4 JU- y jjSb iadi |jj?-lj lij5s» oU 
^yll I jjs 1 — jjL>cill .(^jl yJb yU} oUjibi J-s^j j*-~; ( _ 5 UMl 

-oLJl oUyUj (obUl J* I) olUUU Ujlyrl u JJblsIl y 

yc>- y ^»UaJ y Lj^SsJl iji yJl 6~ 7 

^oLjJI l y 4^-j yUJl JJLaJl oLJl £yj*s>- jlyc-bH ( y ■LU^L 
. (7-7) <JjJj>JI ( y <UUJ| ibljj^SvJl olijj jUl yJLsU j*y 1 obUI 
y yjszl ji j»UiJ ^1 jjjlU (Stai(3 1997) Jy y ybLJl jUiJl 
y 12 yO^a Se-ldS"^ oy^LJl bbb>cj y° 

.(^~>y>) UUI ^jy>- jy ^ ... . 0 i3 j,j t <CuJl 

(JIstc = 12%) 4-J j- Ji —i yi -uJaJ'il yLyidl j_jj j-»JI : (7-7) J_j-L>t)l 
.UUI J JLti I yUU 
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(j 

ijjjJa ij-c. i&Uait 

jjjjlD) Sjlcfj 


4~L»-*J <u<>_L*Jl £j>-l j^JI ol~>-*yi o^IpI j»jJL L»du 

^iJj» iS j^A. ‘ (Hagedorn, 1989)j t (Aulich [et. al.], 1986) 

f-ljul ^3 <*jL> j4&5\ dal3^j3 ^-o-U Ol ..a i a ^j>-1 

oL-^J (_$ _^i>4 ^j>-I y> ^jJuj .(^Jl • • .Krauter [et. al.], 1993c) 
(Krauter [et, al.]j t (Green [et, al.] 1995 t*>lLo) 3 j3^_<JI j ^-Ld^l 
^yljj oUaJL (jlaCo iLolScco <^ilj3 k_otvaJl <j» <jl Si] .(1996a 

oLa- ojj3 !_£> o*}VpI ojj^'.XoJI Cal ^ia*. j OjJ^SGl J^dl 
.jjjjdl SjUI dUi ^ Uj i SLIS 
oUUai Jl JL^J L. UIp ^.jjcdl SilpJ <y> vJjJl £rl^Jl 

jii 4ji *y] l i 'yjj ‘Upiiv’ 

.oiUi! 4Xsl^» djlj^SCo 

•il 1 _ 8 

J_*aJ J jJs i3jLa_o_j (Bruton [et al.]m 1994) j»U 

oiLt-J CjI— oL^La] d . -. >- od J .,a 1 j_jjl Os J la '..<>■ Si o-iLa Cald ^_5 o3 

• Jjjdj 

: I5wl5wa ^..a./a'.ll V 

olilij (J-V23 laas t j_woJLj (_]] ijLjiaJl oJlss (_£3 jj 
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J ij*> o* Cj* ** J cs*^-' 

*•! a]zZ*jj\jj AjIXxj 

: Ljl j>- £^UaJ I J wa • 

u-ij-^ (ii 200 b C sjl y>- Jl a ./> : 11 (PJ-i 

iLli j— ^ j j-SUUJI £51 j-i ( J_*jij i ( jJi_o^Jl _ J_j^ - oU~^*5n 
(German Solar) jS y* jU ^ SS JJ5 c~°Uij .j»ljeUi^*>U 
US' t Ujl ^Jygjl J.,g> Jj 2004 /2003 j»Ip 
oJl A J w^ Gj _ Lt^UM o.sl>OLU * lad-.- ) UjjJaJl oj_A ij| 

. 4j oGia <uUtxJ! 

: LSL*/ ^..a./1'.ll J^<aJ V 

LUJ* ^-LUGl Jl ojI LfU o! V) i UJLJt JJU jLjG-I ^ 

.0 jSULJl £51 p ^SU U tjA?y\ _ J^ _ ol^-Vl 
_ lIjIIjoiVI y~> Jw»!>UJ| i_jL*^l ijjiscil li jwaJl J jJesi- £-Ua^U 

SfJ cL>i- jjj ^ ^Jl ol>Lll Jy (jJJVl . J-dJ 

t jJlJ)JI _ J_j*j _ oU. «lj t L>^UM l y^> (j-^^UJl ol iia- jJ <ul 
.I^JS ^GaUl, ^ £ VJIj 
(JUiG*GJ J^li t J5L- cHN0 3 ) GL^lJI J^lj 
80 Q C Sjl ^*- jcp ^^JLjNI - J™ 5 - oli^l o jJb <1)1 ^Uas^l 
yJl j_p L^^JJl L^JLI JU 2 JJI Jl &\ J 100 °C Jl 
: jSfl j^Jl Jp otf ^UjS3l JpUJI 

6HNO3 + CH 2 8ft 4H 2 0 + C0 2 + 6N0 2 

t <L)jlS\J| |^J yg 1L I-Ajj J JJ ^bcJl <L^w4>-*iJl L^Jl (..ii^ig^T 
3:>1*-<JI L^UJl cJSJL>- . BP Madrid iSJ-i I^JlLs^ j^p! jl5 j 
L^UJl! U5 ^Lwvojj 4ju*jJl JoIpj o* - j^L>Jl S ^SluJl 

c 4 JL 0 JI 20 jlJJLo^ J 3 I (1)15 j y? a ! I 3 jjl^ 4 j-^l 

‘U^Lo-P AjlLSIj O-jIS" .<W2jL>c^J| 4-u>cJa-wJl 4 -JwJL 0 j+-k~JL) J 
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(4_2_L>- J-SCJj) J-SU jjj-i 0-56 _j SiJ^s^a jjjJjlJI S.>Lcl 

Uij I olkl) JJUj Aj3t\ y~> (Jj . BP 255 Lo 

S _ r Lp J-«Uj ^yil JiSlI <oL y> Ji\ iilkJl (jliil jU tt_iJlSidJ 

.oJIjJL>- <ul>- 3 Jbtx>Jl kiJJS £y> 



jiSri £* .^>^>1! fiiuii ;bck ijjj ^ jUji j a iui :(i-S) jiiii 

L jJaiib jkJi <aUS» L >iiw au- audi Alisas) _*,*]! si*.) jUtvi ^ 

^jji-liJl silpl 4Ju>--UiJl 43 Uail 2-8 

iL*^o iij^o liUaJi jj <jisLo| (i—8) jj.L>ji yy 

(j -* (2-8) JjJj>Jl ,glljy\ J^-l ^y> (IjjJIj il j») L® 

SluLjl ^jJuJl 5aU)l l~~Jl (Hvitte, 2000) jy>Jj 

JLJLJI ^i>Jl JLJI&.I jj* cJ^Jl .W 5^5 LjU tLlo 

^ (jl -iS ^ 

S/j 3^ j-Ul v— jL«-s^l o j*Ls- y\y>- £_Lj ISlJa i_~UaIj 

i'y jiJd (_^JJl killS j^jLj ISlis 4 J o^jjJJ <jl 
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<Lo j^-ygJLlyL) 1 dJ La j)Jg.L.o- ) 1 4_iLi? (l)jl^_) j-w-S” yl . J^j«-Lp*cJ1 

d^ULo t Ja^cJl jJ^L) o^-gj>c-^Jl 

^JLxJl d)l <l>-jwL! ol^kuil y> jil yJ Lj lyU ^ jjllll 

• d»>ljLw*>eJl i*liJ jJ 4j>cdj 4 j2^Js2j ^ 4 JII 2 J! (Jjl y ^Lp 

(Engelenburg [et j j y4 j LaI y>4 ^yJl oLI jjJl 

d^SUdJl y» ip oUjJa^> ^Jip al.], 1995) 

L^ldo 4^0 jJajwo-U ^yLo^/l ^U-jJl i) j£j C J^v=a3 J^o 4 jI CIj 

5 y« Ji! ^ajlg^ll ^L>-J ^uaLwo JJa lij ojjjSi ^2<jI ^L>-^ 
yp jJajJl j *,/? > <J j-L° J^LS* (J^"*^ J' t Aj_<Jl 

.4j!taLoJl oUl A>3 jJaUjl ^L>-j 4^-ALwwwa 


S^IpI AdUaJl yAtf>- I (l — 8) Jj*^Jl 


eri» 

SaL^ ulkil 

Sal*! '/. 100) 
MJ/kg (jjjJS 

MJ/kg (j.li-1 SaUI 

13 ' 

19M) 

84.2 

30 

190 

(&*■*) p^ll 

(Hiitte, 2004) 

92.5 

12 

160 


(Hiitte, 2004) 

91.7 

20 

240 

<u-*t> rJ* 

1996) 

88.7 

16 

142 


(Hiitte, 2004) 

37.5 

10 

16 

(j& 

(Hiitte, 2004) 

33.3 

18 

27 

(u^D ^y 

(Wagner, 1995a 

72.6 

26 

95 

^Uej 

1995 ollL J*>U 

66.6 

3.6 

10.8 


1995 ollL !4*U 

77.3 

18 

79.2 



t (Kaltschmitt 1995)j t Wagner, 1995a cuJLS ^L^jJI oU_J~ oUL-J SJ-pU 

. (Fritsche 1989) j 
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£^1x3!) (j 

cui^sJl Ojtjj 


4_1_>-IjlJI iilkJl j_a oLiLw^>Jl oJl>-I Lo 

(jj j JJ oLpJj) lLLS^Ajj t t ^buj f-tol ^3 o^LoJl oLa^jJj 

oloJl oliiwUJ iL^buJl olSlkJl .<Lo j-vaj jjlll ojJlaJI 

• l) A ilkJl <jjl L^k*-! 

iilLA cU^LJI iSLkJl» Lr o_o L. iUu^ 

j bLlk <L>- j^s_oJl _ iilkJl 4 jL jk ! d)lX3^ OblAj jk 

JJu>^l aJL> jk J C ^JkUl ^Lv 2-X3*>\J ol>^>u)j Jj|j_^- 

v jlxSsJl 1-i-A ^3 ^ ^JL . ^ 4_ko-*Jl 4-LwvkoJ ^Jwk>c_} ^ _ ^JbwLoJl C-> L_Lo-*JJ 

^-Xp (JL>- 4__5^J jJL3 43.5 j^SS\ 4*k>kl 4k*kJ *1 ^s>-L 

t(oLjJj>Jl c *>VXa) l^_Lk>tk oLUkJ Sjilj^s iklS* 0UL0 ^j->~j 
. d-J^J^^XkJ ^Jk>eJ f’ljZf-l 

JUSI ^uJl 43 U 2 JI 3^1 1”9 

! 

(Cumulated Energy Expense k^S\ jJL^Jl iilkJl J5UJI <jl» 

t ^Ll)J ^3 43 j j *,/g .o. ! I iilkJJ ^k-x_) ( CEE )) 

Ik* Oj£j (1)1 t A«Aa/9«\\j t (JLo-*JLwjIj 

0L3 t dJJjJ La3j . 4k* J j-o ^ jJ>-l > I ^j_p L>cJlJ iilkJJ 
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<u5l jjLoJl iiliaJl oliLLI j_& ^LSsJl iiliaJl JjLLI 

A(CEE l ) aJI^JI oL^dl j t (CEEu) JL^VIj t (CEE P ) 


(Hagedron, 1990) 

Lyg_>l olkll iitA ^ * ■>**>! LJLx_> <. f-Ld>l 

W~H .j-a'yi j»jJ lij t jL_*Jl £_]a_3 J-^ J^J 

pJ ISjj .SSUaJJ iJL^j olSUl! Ivajl l5^3^ ^ 

<1)1 1 j_A jU c C->U ^jjd_> oLp| j\ 

.(•*— JLx SSUaJl JjIaIJ JL*^j ^ A)jI^ i*J ^\ 

^dJl ^ — 4^w2^Jl t ^o-^ a <xS \ ^loJl iillaJl J^IaIJ A^i jX*j 

<1)j^j d)l t ji»l oUtlw ^ddoJl aJjUL>j ^Lo-mAJj . ^ddoJJ 

<jL>oj di I^La ^c£d>Ji (JLo,-*^a>>! ^Xk*> <~JlS ^ \j ^ .lildA 

,<uL%si>“ 

iili? oliLLJ ( JjLoJ ^_*_aJI c^>LS" lij Lo-s-3 1_v2j1 ojLJj^M uj>o 
( jlAjlS* jJLoJl AiUaJl J 5 L 2 JJ (1)15* ISJ . aSU. ^ j| a*w^Lw*<1 

oUa^x^J <lJ_*_aJ| oULiS" dd-! djddP iw->o t A^oL^I aJUs? 

Jjjd->t^-A ^jJLAjj . A-$\-l ^ ~ x>Jl iiLlaJl d_JjJ ^3 A_Sj LlxJl ojdJLl! 

A^Jl oLl~>Jl ^ UaJ L^ldJ^I jd\ L~d^\ ol*li£Jl 

: olb! 

c0.35 ^ iJllI J> ojJlaJI olW s*U£Jl SSUaJl 

• 0.4 ^J>.y2j dJ Ajjdji-I OjdJLll CdUaPxi^ 

Jlp-JJ ^ ji j5" A^si^Lwil AiUaJl : 2 ji j}\ 

. 0.85 L&jldjL> o^IaS" j»lddx)d<*>lj oLL*ji-'l 
^Iddxl^l jJ& W^UaJl jS* ! ^UaJl 

<jd_*il JajUl c ^ ji ^j-vwJj ^L>- AiUaJl 

^Id^xJL^l ^d_P ^1 C ( dl-dL*>* 1 w>-s/ 2JL1 ^d^*cJww«J>! 
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oUlo Ja_*J i lijj .(31 ^jjL^- 

^ JLi*-J_j ^^JliaJl j-z-P jli c 

. 0.80 LajIjl5» opLaS^ ^IjlpxI^L oLLJ-I 

SSUaJl oUjI j?} 2 — 9 

j»UalU 4Xv£?LiJl Jj>Jl j»jJL c iSUaJl d)jl jJ *1 JulP 

JaJ ^ j»UalU ^J^LaJl ^ ^Lo ^ IJb*- f-fr* 

£0 J^oL*_Xj ^1 ^JwL>cJlj ^ W<Lww*<lj Lv2_>! C 4_Aj jJaJL 

Ji iJiiVl ^jJj>JI . JbJj>o 

4^j| jJl ^jwb>Jl La I . 4^L<>_*Jl 4 _LmJ-^ ^j-a ^Jj>- ^ ^UfljJi 

tOLaJj>Jlj t <Laj^\Jl ^Ij-oJL) ^UfljJl wLo-J pL^L/g *9^1 ( j-a *Jj>- (Jjl 

oUjly ^ l^i\ oUUJNl J olili^l .cj^Vlj 

: (1) (Spreng, 1995)) j^j^Jl Jl~«s1 j iSUaJl 

^ <LdLJl i)jjj£]\ Ju~dl (jli oliU-J j o j^iLil iiUaJl olilijl _ 1 
. j»liilU 3j*j aL/s oIj ollsLLi JJj _jl t “uix>^Jl ojia^- aLjI 

JaU- Ja-ljJl ibIfi-Vlj 0^1 dJLij + 

■ AxJ^law (_£.i)l AiliaJl 

isi^l al jllj SilkJl dUS J Uj tS^iLil ^ iillaJl olSUll _ 2 
ifUiiU A~d ^Jl SI _^>J.I iilkJl : iJu^Jl *Ld! ^ 

Ivijl A^vi^.^ll AiUaJlj Aj» L ie’ll oljj5vll £^5 AiUaJl *5LoLi 
51 jJL>J.I iiliaJl j ^ oli j.SG.1 oj_a y? i aLijI 5 

StoLi aljll £&>[ oj*)Ul A~d^JI Sj^Vl 

ay^Jl a^JI olkJlj oj^lJ. 1 S^-Vl till, 


»Ju ol S/I tiilkJI oUjly Jl d_JL SijlaJI «Jl* (Spreng, 1995) (1) 

.djij£\ yl* oUjl jj JJ til l^Lkr ^SUj 5iJJl 
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si\A\ olkJl ^ J .^j4&\j) 

olSajatf- h.lanJ t oVli-l oJl* ( JjL* ^Sj j-iLil j-Pj 

jiaJl) dJJjJ U>^wi ((Sankey) olkkJO j»Ua:ll jiJJ 

.((1-9) JSLUI 



.oJoJj AjC. jS <LAu(J A-olfi. Ajl.au 1 Almln I ( 1 —9) 

3-9 

^j-vwoLix>Jl olS oL.,^mU ^^-woLwol 4_^woLwa aJL jJaJl oj_A 

ojJ-SJL ^liJl i^LJjlj ■SjJLaSI oUi>c-^J *y^>3 t \Jj>~ oj^\ 

^^Lp .SJj>- J5 oU-^klllj J^>- ^^Lp 

^jjLL^JI 3^1p (^r 0 ^ (JLl^JI 

SSUaJl ^JlS> <1) Ls t .^Ju^Jl ^JjJl <LJL*»^>sJl 

^Lp Ua yi ^mbw>c-« cjLs-L>-^ d->L>c^oJ cl) I wLww**S"l 

ISO 14000 jL^-Jl L-> ji Lo-a j~> y> aJI jl t 

UUfij LoAjLwLpI La J.JJL t ^Jfljl) ff 
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.(Spreng, 1988) \ks* iiiSUJl iJu-aJl JJu>J jU 
(l— 9) JjJL><Jl ^_yi yl" 

.UlJl J l~2)\ ^LvJl olp Uai Ja« Jl MJL J&' 


jJLLJlj coUJlj cSjLJJ JLj Jl 2LiKdl oL.l^-1 : (1-9) 

LjLJI J («UJI M2)l JUp-I M*- &) l~J J\ S lyS-Jl oUl^aJU 





_j9 iiKJl ijdl «-mJI 

i»Wl glU 

J^ill JLf-1 

a#U« 

(€ djA.) 

<2> c5>^ 

j jloUJl 

aM 

"’s^UI 

61,685 

14.3 

19.9 

0.6 

67.1 

oljUJI Solo 

58,937 

18.1 

33.5 

0.8 

46.5 


41,432 

27.8 

21.8 

2.9 

47.8 

SJL^SOI 

40,163 

39.6 

2.8 

0.6 

56.0 

ciljSOI J1 J^pU 

31.401 

21.8 

15.1 

1.7 

59.4 

UiSlI SpIo 

30,276 

19.2 

35.3 

1.5 

41.1 

oUd ptesj 

27.913 

17.8 

30.5 

0.7 

51.7 

Vb# 31 #1 

«jjs" 

19.292 

19.8 

26.8 

1.9 

49.4 

Uot *JI oLdl ^_klj 

16,585 

16.7 

23.0 

6.3 

58.4 

jjlwil Q\*J» J 

15.477 

29.7 

41.1 

1.0 

25.3 

Mb Mb iMJJI 


.(2003 (.UU yaV cS>Jl ^ks 

.^>1 oWii-j tiSljij 4 oljUI (2) oUd.lSb.LJ (1) 


tS&O ^ oUaJlj oiUl oUiJd U*. JjVi JbJL^iJl 
iS'jLi.oJl oLp!jw 2-U 4_v2^>sJ Ui j oj\j^~\ pjj ( L pL J ^5 JjIS' 

£&]j JjISCU tJUJl Ji*) 

(4 _ I) J j J_>cJl iplJwaJlj t ^ J-j (J -L*-oJl 
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<uLa»*Jl L, 4— 9 

4_«Jjl>c_«JI J>-l j^>Jl jLjS-L) <J-«-*Jl <LL*J_^> J^LanJ 

j»UiJl J ■J ^' 5 J"^ j»Uij 

^jj> a «a>*j j*J 4j>UaJl OJli- jl i-jl^jJl iiUaJl C~iL>cj li) <lJl<>_*JJ 

.(Spring, 1995) <Jl«~»<JI ol Jaj- JM?- oils jJLva» 

J_>J_><2> j»_Lc- 4 <LL~J_*Jl 0 j_a 5J^- ^J-c- J -S(Jj 

oJ^-Nlj ilj^Jl JbJLsnJ Lyijl 4 _~>o Jj t JaJis oL>-^>s^>Jlj O^V>-JL«Jl 

l .,ij 1 1 L«^ .5 <i li» i3L* j | (_yi ^xJl LJ.S' 

t|i>- ^1 ^>\ii ou>uij 4jjjii)i gji^ji jL^'yi j Jis-Siij 

.aJU) Silt olililj Jl 



I <&.\zy\ s jUji n s *wi 

.iJa.1 J 5uUt & <1X, ^ sjUJj «OjjjSB p ^jli, i«UJI oUi^ul iii- :(2-9) Jiill 

ijl (_5~^d l"^-*J . iJLa^JU isLlaJl j)*>i ^ ;.^l AjIjJ J 

(_$JJ| <uiv5*yi iiUaJl JJ^-Jl* iilkJl 0*}li>-JLo £^>- 

J-*j .( l J^-|j)l <Jlio*)U 0 U 2 JI l*}Vi») i ^>0 4 aIj jj>o j»-™» 

oLaJ_>Jlj 4 <LJl»j«JI jw»LlC-j toJ^-Vlj tilj^aJl i_i-l 4 — 4 i2)JS 

aJu_p ;LJlJ «•! _>o 4 l^xilis oJLi <ti . jLipNI j 

“ulx>-*Jl oLL»^>- AjL~^- 4— ~>cj iiliaJl jjl jjj .iollll i>-jjJl 

£j JJl {y> J > ' L ^ Jl iS^J-t U-^d *1 _^jl •V-si’^l 

y> ^2i JL 2 JI Jixdl ^Sljl Jj '~ r -^H (Jl 

#<1jLp 0 Li ; <LjliJl ds>-jj3\ <L»Ij.> ^0 <t«^«Jl o*)tal*^>Jl 

£j JZj .p\i p\ ^Jlj ((1-9) J5LUI Jail) SiUJJ 
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oj>u (^jJlj c <U ( j^?L>- A_!j l Aj y?L>Jl iiUaJl L)jl J ^1 J 

. \j <ui1 ^LoJl AilkJl ijlkl Cl~ j>- ya 4JLw*<lj^ 

4^p ^ kl Ak%kkl o j.«/2.>- Jk-> Jl>kl (1)15* J^ 

,J*kl y> ^iSGl <*_Jka «uL>-xJl JJj>o jU c iJltllj Jj^ I 

<. Jkjo c A-wT^j-o-j ^Jw2j aJ_*»xJ jLjLj*-^! yp jJajJl kj_v2_; 

OjUJL l*JU ^ L. “oIp <j!l coULjl ^ ^JlSUI 

'M Jkkyi ^ (1) s^u-ij . kfl3 A^^o l_LoJ I ^*-> lyg-J I £A ii y^LoJl 

^J c <wJko Ikk jl Sll .^IxjVI ‘uJwo-p J>-l3 o ok IkJl p-lyri 

.^Jl>^J| ^Sjkl ^3 ^LS Sj^rl t. « ^(Q \ 7 

j\ SjIyuJl oUUl y> JJiaJl ilLfi coUoklj aJJl Jl 

l JjuN I oLLp J^Xaj jtJu Va UIpj .oLlJl 0 J-A J$\ jZj *)1 ji Lojj 

1973 ^bJl J AilkJl kJlik okj Juu t JUuJl J^, Jlp 
J l jujo*j N oULJI 'M kJ-Vl cJlp! Jj 1978. j 

t l~L>- kk y A3 Li? o-O ykj <Lo-) JjjJl oUlJl (jLi C AijwL>- oklj3 
AO_*-a o^Lo y> Jl>-Ij J^ ^LlJV ^Jl>c-oJ| AilkJl (jLiJj <1)1 

. I Jj>- LJLp (1 <1)1 {_y^ j^i 

A-J-^-*Jl ojl ! AjDjL>c^ 3 A3 Li? 0>^kL>- ^JjNI A-wLo-P y<y-v2-*-> 

^1 t ( Jg-k-ll J ^yx_>c_!l ^»- >c -jaJl aJo-*a\ j-» 0-\_]^JLo-Jl L ^LjL«) 

oUl ^>uj .oky^Jl JJc^J Jr! ^ ^JjjUJl j! C J^JI 
I JjT LJLpj .^k>~ jA ( j>»L^oJ La3j o AsllaJl J^*)Lw*> l_jL^j>- 

^Jl jIjlLU c JLJLj .a^USII iSUaJl JLiJl L. 

AiUaJl oU c o3Jl?x^J| A3 Ik! I A3 Ik! I jjy J J5w 

^Jl iiJaJl y_k j . -aL/ 5 (^k ( j-Jj L>LoJ (_5 Jaj jjfc AXilSkJl aJj^/I 

Jkjj L^uLk Ak^Lkl AkvkJl okft AilkJl J^*k-o Jj-L>o k ^Jo 

3JJI Jj oJJJL^wkl oJL^ryi dill! c ^LLo c ^ ^ i Li? j»|JUs^JL^I 
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Ol~L>“J_J <Ls _U*_P 4_j| ^v£ 2_AJ ^Jl t I 

j»|jj*JL^I ^Jo J Jj c( L > ] gi : l l J2JI jl) er o->«UJl J2JI ^Li 
JjjJl jJI c UsjI *>Uaj .<JU*Jl iL~U* J \i^\ 1-La LiUaJl JU>- 
^ J> Jl IS^UJ ^ V lJJwL-»olj ^-dj jLo (* 
i^Ull oIj^JI Jl J^pcJl jU JULj ciilkJl jJJ ^jJ^)ll 
Uli ^j-J j :; k:U JIaJI J^>ti!l J>Ip Uj-o t bat ii jJI jJLs j^> 
I ^Ji Jl l)i Uj^ . L> Jflj 4-A.Jg-frJ l <LjJ&j! ^J-^" 

t Jl JJ j-o-J J-s-<»Sxj ^w2J U*_>- j>J ( j-^IJ oJj>- J* 4jlJajj ijyb^a 
^j-« JjJ-*JI J o^J_p^L<J| oliUaJl j»l~L>^L*^l ^bjj ^5 J-l 4_g_>- ^aj 
jst <Uc>“ j>s ^jxLS jj (J^>tl!l (JjJl*«oJl <bU C JUJl f-L>ol 

.Ul-Xlw»»l 

. oLxJ^ I oUjl J 4 _L^j <LSUaJl LU-_Uo JJj>tJ j^JLjo 

^Jl L &jjj£]\ -X™SI oUUJ JbJL>J jJ*> k-liJjJ Jj^/I oJaj>Jlj 
*\ j^\ l l L-Pt-^Jw a <U>5I ^JLoJl iSUaJl (^Ltfjlj I4J 

.iiUaJl CJ^UL>- ^\^ 2 JLo <L^jU CJ Jl U| IJlA 

. 4SU2JI ^IdSxi^'y US' l.^-.,->.A> iiJaJL UsjI oUjN I oUjl J JU? 

^|jL^ t -I_-)L) jj_)j_^JI J — ;— W'^S'I a >■ ol j-j-JLj 5 — 9 

<Uj jjiJl 

ej^jJ 4-J-o-^Jl <L**J-**J ^J-*L>o *Jo t OjI j-oljJl oj»A 

t kiJJi s-Ljj! . jjj jjl!I oiLplj t t^lxjpiU iLolS 

:o*>U! oL-ljjJl ^ *>JU| ^slrJl oUL>>Jl ^ ai-Sfl ^ 
.^Lo^y isUaJi (3Ujj • 

•Vr^bJ^l • 

La j && <0 ^aJI cijIjJ ^ ll a 

.^jjJcdl 5 jLp| • 
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oLa jbuil o^LpJ ^ <uphygSl o jLaisM I aj>x^o 

O^I-A . AJL^Ji ^3 25 ^\ ^13 1 «j C A-o j^/3-ll ^iJl 

(Bruton [et al.] JJ-a (j y>\ oL*Ij 3 <jl Si I J_>Jl LowsJJl 

.iL*^> c-a AJUJl ^ 70 JL>- ^Jj U>_3 (1 )Lj ^"Jb 1994) 

Jl^I ^uSfl (3-9) 

C->Uapx»j AjJLJuJI ojJia!I olk>s-a ^jIj ^j^IapxjIj 

^3 A_o j^yg-ll ^ aJI Oj JaJI Cblii>5-a (J1 ^_P . A_o 0 j~AaJ| 

-L-ww5”l ^jLj i>cJ iJLJl oLaL^-wa^/l jg> 1 ^jLw>- 0jj3 AjIJj 

j^***S'I ^>15 a >^j j»j_aj L£jI Nl 

A*JLwa 3 ^3 ^Jl j Aj^LUaxJ! OjJaJI d->Ua>c-a ,ljj>“ ^J>~ 

.Ala IS* 1 ^jL>- 0jj3 iS^ 3 t tm ^’ Lo^l^ 



4,5 ajSj*^1j4 6 jji Alvk>» 6Ux 5 ©Ijiii ^<£1 (jjlii ^>o&^ :(3-9) 

jaIIjj ^ i_U*2 700 MW » j-a aJo^aj aj jlu UiUJi ^ 1 ^jj GWp 
.{3.5 TW h/a) ^j*£li a^ 
1—5—9 

(. ^Jj <u51 A3 UaJ I (jjLLJ (2— 9) (JjJj>JI 

aJa^x^oJ i)jjj£]\ Jls-w^S'I ^jU (^sUs? j*s* <.2j£jj 
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I jjk Ojl jj .LjLJI ^3 <t_o <L5L]s 

^ ^Jl ;L~jJL .iilkJl oliliJI ^LJl ^1 jlls-I JjJb>Jl 

.iiUJl SiaxJ Jl^l jJa: 

olla^u ^Lj^I ,.L— 5~l ^jlj JiUaJI i^Lijl '. (2—9) JjJltcJI 

. 4-o j.,ial) _jiJI 3jJ-3j' 



: Sj~Jkl .4x> SiU S' iilkJ! o">LoU- : ^LkJ! ^ ibLj^V! (1) 

kg cOj/kWh. 23.0 : ikgccykwh 3.0 : tkgco ; kWh 53.0 : s-L^S 

.(Honer, 1997)j t (Wagner, 1996)j (Hagedorn, 1989) ^ Si ijJ-L iii-Jdl oUUl 

UUI CO2 oUljtJl <Uj j jiil 2 5 9 

Jl 0 *>u! Slk^Jl oLl~>Jl j! JA *J > 'jJL 
CjIL~>JI l) 1 c <Lj jyod ^jl!l I 

JL^I JU^l jjtxU Lj-i’ Ja~' «Uaf 

■ UUl 0^1 

jt-1 olj t bit (_r*^ oUU-iVl (ji -j a?- j *. jlj Oj-S(j 

coLL^Jl J I iSL^JJ U^l oU_>£Jl j^>' 

JaJa_i-j oLL, OjJjf UaJ J_; c0.53 kg/kWh -k^j^LoJl ^ 
t (j ^yipl Jjip Jl5Ij LJLJl ^ iilkJl ±i*>Lg_^-<l t*>lLo iislLJl 
0J.jJL]| <daj>t-a JI-LJL^'y OjJjLlI d_J jjJ i-iLsi’l k*-x 

^ LJLJl ^ ii*>UJl oli ^il i>Vl jsa v-L~Jl !j|j)fl .S^^Jl 
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aJL jJfij ^_3.ijl c Ojjj&S\ -Ls-ww-S*l ^Lj CjUUJ ^jJul>- 

^ jl 3 ^Jl>c» JIp otfUJl I 4 J ^Jl iSUaJl olL.>j3 JIjllJ ^ju aIpU 
jA>Jj c C~l*JJl ^j^>Jl ^j>uJ 1 j iJULJl iSUaJl olL^« Jiu 

I J^S I jOS JiJLs SUaJl olk >^0 y ^IjVl ojUb j! Jl Uj SjLS)fl 
J (7 . !) J jJu>Jl JiJI) U*ij Jk^e ^Jl JUl oUlp>l y 
oliU* jl a-J j) «/? a I jjaJ I y> 0 ^5 oL<>5 JLo-^Lm*<I J ISJj 
A_^ a f-L) aS\*w»xJ 0 .i-A_>c«oJl 1 d-olS"^ S^wb>t^o 

ottUJ ^j5vo-> aJU 1 2 ^Ul Ojj Jill Ju~ 5I ^l; y> JiJ 

.(((^jJjJI (j^a))) ioj^s^aJyJl ^LoJaj'yi ^bol f-bil ^J Jl 

LoLJl a-^sJL^mJI <Lo ^JJl cjLoL^J (J <Jjl 
SJlpU cJ 15 . (Kaltschmitt, 1993) c^-^SjJ 15 J J y Cuyl 
LajjJ_aJ Jj 1987 j»LxJ LjLoJV ^j15LwvJI a L *>. SI oULjl 

. JUJI SiLj aJU^>! Uij 1991 ^Ip Jl LSI JfcJ 

C A_lj>l_o«Jl l — 9 j_Jj_^Jl wiww>- ^J-P (J yg— >c-ll 

<»_9jL*Jl^ (, Aj jU>oJl ^jLwoJI^j C A*J^*%Jl ^jLwoJI ^3 Aj^L^woJl y_3 JL*Jl^ 
.owLwj! S^LygJ aj^jj ^->1 yg.o. Si aJjj! J Lv^ 2 jI oJj>«jl^w<>JI a_LUL<JI 
y> j*_P JL t l — 4 jL~J| Aj>-L^wa y> (JLo-xJLw*<I ^ygsl ^-Jo 0 jJ-V 1 0 j_Aj 

^r'j J-^' J ® ,J J J <jl Sj^-Sll jl 

•C*JI 

^Jp A-O ^yg.^,1 jJl CjLo JgJwoJl V— .^.ygJjJ 0^-L>e_^Jl Ja| ^_*J| yS-^~> 

: J^LS* cijUl 

jl IJlaj c90° ^ aJuUJI Jl JjlJI • 

. +45° j-ft> iw->yi-l y> Aj ^j-o-^i.1 c-il yo^l 

o^Lo-pi^ c c-aa^ji a_oJi i»_^i^_) % y 1 4^j\jL>y\ ^^yji a^t-ju ® 

i^_i3-wJl a^>-Lw%wo y j isil 20 d)p t ( J*-I Jill oL>«JL3j c a_> j ^ « ll 
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I /US’! (jl~» (_5*J • ^l.k>*I~‘>5U SjbU J*£- 

.is-L-ll J Sill J 15 

LJijUJl jLlI SuLs-j (iill J> 10) JJiJl Jil>. ^ :>_^iJl • 

^y> J-Lai (SJjllI ojJLJl L.Lc Sill ^ 5) AjjlS’jiiJl iw~v2illj 

■ U*aj| ^jSj-^alljxll j»UaJl S-jlSs»J 

. Sill ^ 33 S^ jk’.ll S?-L~o l _ s ~ai\ <■ Sjji™il aJ jJL~U • 

i—j jJL~U SJL>_?-^ll S^L^Jl ^y> <lL«JI 16 j~-*-S t 

SSUaJl <U>.la >1 ^_^JalJ Sj _jI™J| 4 S AJLoJl ^3 25 j aAjLoJI 

.LjloJV 800 km 2 Uj.Ai S^^Jaia S^-L~<> J^iljj li-*j .S~»~«-lJl 


ojJLaJI oLkptJ A Ja -^1 j_j j j_j^_SUI .L—..53 ^Lj ^aLSaUI ! (3—9) <J_jJu»tJl 
. LlLJl ^ SJ j-iigi) jjSII 


#*?! 

4#jSJ' J W 


.iLCcJlj 

JSJI 

#1» 


co 2 

(kg/kWp) 

(kg/kWp) 

(kWh/kWp) 

(kg/kWp) 

(kg/kWp) 

co a 

(kg/kWp) 

(kg/kWp) 

j-"jo 'jysw £> 

Gw» 

-7791.3 

-408 

770 

-781 

15.0 

52.9 

3124.0 

SjjUI iatel 
0c- 25) 

-8677.3 

-408 

770 

-483 

16.5 

58.2 

1933.0 

*«yi ^ 

-6637.3 

-408 

770 

-483 

16.5 

58.2 

1933.0 

oJAAU 


1 0.3 kg C0 2 /kWh :aj-JjJlj 4 0.53 kg C0 2 /kWh ^Lj^+JSUI : Sj—UI ^UoJ-l 
asL-* jUI fUkdJ Ji-IJ! JiJ! . : kg C0 2 /kWh : J> ibl^Vlj 

Ojj .kg C0 2 /kW p 12.5 : 50 km SiL~» iiiUoj 4 kg C0 2 /kW p 4.40 : km 350 
363 : Sj^lJl a-ux. 0 j5LL- t kg/kW p 330 : gpU-t 6 ^SLL- : Jyjd jiJI fUkJ! 

70 : *.U5f J A&\ . fell J 10 : (STC) Jy&A. y)\ flkJ! S *USj 4kg/kW p 

ia-pUD^/I .(dc/AC^ j ‘ = f(G) 5 j 4 4_iJsj 4ojlji-l As-ja jJbj 4^150^1) Sail ^ 
Honer,j 4 Wagner, 1996j 4Hagedorn, 1989 y Si jj-U Sli-Jlll oULJ! .kWh/al.100 

.1997 
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jS* ^LJl j ^jL^Jl ^ja J5 <j| 

TWh 75,3 JLJy c( 800 km 2 ) o J la ^ j .Lytt 

-Lw*^5”1 ^>1j ^ja ^jJg (1) 40 ^jJ?.a>- Lwa i <Lu jiJl 
jj-^3 4jLoJl ^3 5.6 Jj3l j_> C 4_*jL*_APnJl k-3j jJaJl C^>sJ 

oLWyi jLxp^I ^ Jl^VLj .0^1 JUS J&Jl ^UJ'yi 

A^Ow^>sJ \ 0<Xjt t <Lu3^A>cJl l- 3^ jJaJl d^>o 4-o j^>,igjJ ^ aJI ^ljo| ^Jj>-I 

<LLLaJI 4j>- jjla_x>J 1 o jj>-! Ii|j . -ajLoJI ^3 20 jl jJL>_j a>cJJ 

<\JLi c l »/? J oLjLwv^>JI ^_9 ^\ J_>cJL^ % )\J 
<U>-LwwoJl 1? A 9 oJL>-l jJj ^JLg- <- 2000 km 2 Osj_laJwa 

*jV <^1 ^yj IJlaj .(Staip 1996) jLjlpMI ^ SJuljJl i^ljjJl 
Jl^\ S*li_£Jl jLjlp^I frjjj cTWh 211 ^JL ,^S 

4 JL 0 JI 46 (Jj3l^j I >XA ,A >- ^oLoJl £3 1 ^oJl ^^3 ^jS'Vl Oj^AjjJl C->lIagx«oJ 
*Ijl.)M .TWh 460 ^JUl ^L^-SLlI iblfi-J ^ 

d->Ljj U* JUg-’S/lj Jl 

d)Li c o3j_^j-oJl Oj^Jl oL*_w« Ja_A3 jL-JL^'yi ^3 >XJ>-^lL)j .iiUaJl 

lii I ja t ^3 8.7 ^y2JlJ>%^^A Uj Z ] jjUJ J^>^J| .1 g ' 

jl i_jL^ ^Jikoj .400 km 2 LajJUs o 
aS^LJL.^ t ajJ-JjsiJI ojAaJl OjUa>c^>J A^>Jl ^3 25 La^jJ aS^LJL* 
illlA jlS" lilj .laai <1«J| ^ 6.5 ojJLaJl oUa>L/ 

j»Lg— oU <. <uKJl iiUaJl 4J_«Jl 2 0^>tj 

(Beyer [et al.], ^-laJl) 5_L<Jl ^ 20 0 jSL>_ jl ( ^ A j LJ j iJ j_«Jl 

O^^JI JL^I ^LLiJ'y tail j_« t (Stais(3, 1995)j 1 1990) 
Ojjj5LJl J— ^«5I (_yjLj ^a <ll<JI ^3 6.7 (_^l 47.7 

JA Ujl 1^-1 ^ ^sJl oUl >3^1 ^s~* .UUT ^ 

10 ojAs -Las LjJ ^ilj^Jl t t o-Uiaj oLL«>Jl 

^ Lisij-I i ( j4»*yi objtj'yi) iijLLo i <UuJl ^ 
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oljlilxJl ( J <L-^l<Lil ^«Jlj ^yL«Jl <_)LjCJ»Ij .jLlpOII 

jJ La JLJ»-1 <Jo J SLLJl JL *>j Ljj j-«Jl 4 -jLI jJ j 4_jiLJl 

.Uj jLxpMI 

^SjJI o^-l 3-5-9 

ojLiij o.>Jj>c_»JI LoLj^SLII iiUaJl o Li !?:-«■ 01 ^y> JL 

jJ Lo jiJl «• J>-*y aLjLsJI £jl_sA«il -> ii ^>J l« ( J5Lzu 

ju^; o^J(Jl jl~s 1 jLJ iLjxJi oUUjVI of M CjJUJl ,ui 

(^Jj . . . L jj_a^-0ll kujLJI tijjjjJl) SjJLiil oLkj>^» i_p I j-jL? 
.Lo ji y? * 1 f-\^s>-\j a *>. Is j ^-Li osLLLa f-L j ^ ^1 ! 4Ajj»«il 

oliJlJ j LjOj-^-SsJI SjjLiJl L^jliaj>c_«i Oj-)j-SL!l J^^Sl ^jli 5J_ij 
(_jjL ^y> g 1140j g 17 ^~j) j~S’ JiLio Ojlio Ji “uijJl «-Lj^50l 
. (4-9) JjjJI J j* US' (kWh el JSO 0_*>JI JL^I 

J, LiLkJlj ^-Lj! oUL^N S^£Jl SiLjil 

OU iLj^Ul oJjJI J}U- (LJLJj UUl JJj.) OIjJlJI ^ 
Ji (4-9) JjJL>Jl J ;J-Vl SjJajjJI olilkJl» iSjLL* 
‘2005 (.Ip J LJl J 6.7 JI fcJl J 1.9 ja Li Li! J iSfc.) 

jJ MW 75 JjjJl ojJi i. 'J ( J ioL^j c~«li L)L^|j 

oUU-Jt j_, JljJ-oJI .(2004 j»U 8263 MW ^Jl 1994 ^Lp 
.( 7 _ !) JjjJI J j^Lil J LUI l jf- oiJjsx^Jl 
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iiLiiw J_$j J J-J SjJjLlI olia^w oU jSLa ’. (4-9) J_j-b>Jl 

(Taharaj i(Mauch, 1995)j i (Schaefer, 1993) y* Sj£-L oULJI) 
(VDEW) 1999/1998 - LJLjVl c [et al.]) 1997) 

J (7-!) UJ J&\j t(*2002 (»U J Sj^fc, 


ytefi* 

*>» 

(g/kWh) 

0ISU9 
(/) cS>i 


hiy SjJ* 
Cl) 

jyj 

SljjJI 

mi 

0 

10.5 

0 

89.3 


517 

1.9 

4.5 

31.2 

62.4 

*uut 

442 

1.1 

0.1 

4.3 

94.5 

•Udj» 

439 


10.5 

28.2 

61.1 

oout 

438 

1.3 

2.3 

25.1 

71.3 

•UUhj, 



12.9 

12.4 

74.7 

(LiU) ^-11 4^1 

393 

2.2 

13.8 

28.3 

55.7 




57 

0 

43.0 


70 


93.2 

0.8 

6.0 

MP 

61 

0 

15.3 

75.0 

9.7 

&LJ J 

34 

2.0 

47.0 

46.6 

4.4 

<WU-» 

16 


99.3 

0 

0.7 

*pt*A 



99.8 

0 

0.2 

a*. 

15 


99.9 

0 

0.1 

UJLj 

139 





fjObU <>ull Jj4ll y pjjA 

572 





^UsJJ 0 j-Uall JjJl JA pjjA 


JjpJl J J^J ji f Ukl (4 !S| c JUJI JU 

^Ojst-oJl 0 y-t ^jL) OjL^-oI Op j-jJJ-P c LjLoJI ^jo 'y Ju 

.*1^)1 0.07 kg/kWh JI 0.517 kg/kWh ^ 

t Jj «,.g n I J j»Ukj d)j-)J(Jl o^^S) ^>1) kijL*-_il op t JULjj 

- >■ j— jLj op t (_j ^p- ' jj ‘ Lpil Jsl o 

<J ^jjj^-T) Lvijl J-51 Oj-Sj» J-p-OoJl 4_L>- j-o e-LPI OjjjCJl 


.1999 /1998 ^UJ VDEW ♦l 04 sai iOdMl y. (*) 
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iSLJLU ji\j js}\ jI^lpVI 

<LoJaj*yi ^lxj| j*-^J t ^Jlla J^J • J (5— 9) JjJL>Jl J^u\ t <LL>wJl 
<. La JJI Ojj^SGI .L^S'I ^yjlj oCL»-jI (1 )j5\j L»JjI <-jj.iigi! j-aJl 
Oi L> L*-o V I ^J-P ajili l) LoJL^>- l g 1 . *_2 Lj j l ^ .. . «,<g 1 > -*JL> j 

I J5JI jJtjj .((6-9) JjJb>Jl jJall) j^£Jl JL~si ^liJ 

•W <.£ J >Jl\ a* ^ lil 

<LS j-h ~\ ^aJI <toJai^U JLw»S"l ^iU j jl ^S’ JliLo : (5—9) 

. Jijl I^JI J as^tJL U^uJl 


isfe* 

iSS- -J' W 

25) ^1 
(^1 ^ 

.iKillj 

JW 

e^yi 


co a 

(kg/kWp) 

(kg/kWp) 

(kWh/kWp) 

(kg/kWp) 

co 2 

(kg/kWp) 

co 2 

(kg/kWp) 

(kg/kW p ) 

^jo ai-i iji 

<*o" 

-1386.6 

-85.8 

1225 

-189.50 

30 

158.7 

758.0 

%Wt vb-1 

(b- 25) 

-1359.1 

-85.8 

1225 

-189.50 

33 

174.6 

769.5 

W# bju* 
(b- 25) 

-930.1 

-85.8 

1225 

-192.40 

33 

174.6 


•23V' ^ 


jJ> ibl^! i kg C0 2 /kWh 3.0 :>yj 0.07 kg C0 2 /kWh : ^Uai-I 

: 1050 km «L_ 5^l2b : jd! »UkJJ Ji-lull JiJ! . 0.23 kg C0 2 /kWh : J\l> 

(.UkJ! bjj . 37.5 kg C0 2 /kW p : 150 km iil— *JL-J iiiU^j * 121.2 kg CO,/kW p 
:;jjJLJI b j-SLL- 1 330 kg/kW p iSjjJLJl : ^j-^JjJl!\ 

*Ui! J, »-bVl JjL*_a .idl 10 : (STC) Jiy^byl J! (.UkJl SELLS' . 363 kg/kW p 
DC/5 J t f(G) = 5j t iwiJaj cojlyi-l i>-j5 68 • 

i Hagedorn, 1989 ^ sijJ-L Ui-jil oUL-Jl .kWh/a 800,1 : i-pU-lV! ,( AC 
.Honer, 1997j «, Wagner. 1996j 


^ Juj, Jl Jjjl j-Jl SjJuLil iH+i-l JL*lj3 v--; (2) 

Oj jJ S .—-^T S_jLaj .-<-7 ojUJ ^jL*2-a L..^T^1 ^Jlj-o ^jjJL I V L«-~3j ! 0 jjJiJl 

. C0 2 j*Sl j <5UaJ! bj^jfi <Ljj oLa^jjUmai 
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t <lLoJL^-oJI \j c d4 I Jj J»*J| d)j d - - c— j 

^151 ^/2J>tJjJl *L^Lo-£- ^J-*_>tJ Ijjb (jl-9 t L& j^JLj j»UJl il^-«-Jl^ 

f-Lj^SsJl J-Jjj ada^t» (JJ|Jj>- oUj^Lo ^Jl SJL^^/Lj $ Sjjjw’ 

Uflj! jLi*Ml J> JL5-V1 ifciJUuJl l^jUUJIj) gbjy\ £»y> 
50 t ULjl ^ *)(La -4-S'LsaiJl Jbj^j l^J^a j»J (JjjJl ^ ^yijJl 
jU JULj lOilj-i-1 (fUJl) ^L-Sf| p-ljSH ^ iU-ll ^ 

ioLoJl il j-l*» I Lg-^a ja-j ^^lll <_3_J JLJI ^9 iiUaJl <liaj>c_a 4_<LjL>- olj j£ja 

.jLxp'yi ^9 la.i^-1 Lvij! | w~>cj 

^ SJlJir JLJxiVl 4-la-lj* C0 2 : (6-9) J jju>JI 


kg/kWp GjJW- y J 

kg/kWp (^Jj) uit 

vr*" 11 ^y yy 

10124 (sc-Si, 25a) 

7792 (sc-Si, 25a) 

52*30' :^y) V, lUllt 


6637 (mc-Si, 20a) 


1387 (sc-Si, 25a) 

-1009 (sc-Si, 25a) 

jy> ^ ^ . tt yyt 

1359 (mc-Si, 25a) 

162 (mc-Si, 25a) 


930 (mc-Si, 20a) 

-267 (mc-Si, 20a) 


26805 (sc-Si, 25a) 

24408 (sc-Si, 25a) 

JlJr-0 ‘JuW* 

0J 4J Jj(» jJy 

Zlti 2 Z 

19860 (mc-Si, 20a) 



J oL^JIj 1 0.53 kg C0 2 /kWh :( kJ SL3 -k,j) UliT ^ ►b*£JI oULJ! 

sL,(* > J*,) Jdjl ijJI ^ 4^*53 .0.07 kg C0 2 /kWh : (^^SLi J*,) Jjjl I^Jl 

i^lkil ^ 1 0.3 kg C0 2 /kWh . 0.9 kg C0 2 /kWh aJ_^ 

330 kg/ : (sc-Si) Sj^iJ! ^iU-1 j jiLL- : jiJ! fUiJI bjj . 0.23 kg C0 2 /kWh 

: (STC) fUkJI lA£j <. 363 kg/kW p :(mc-Si) Sj^LJl o^SLL- <kW p 

40.4 kg CO 2 / : 350 km 5il • i^U : LJIl) ^ >!! fUidJ JUaH JiJ! . 10% 

58.2 i(SjjJLJI 0 _^SLUJ) 12.5 kg CO,/kW p : 50 km «l_» -JL_J iliU t kW p 

JaJUJI J j-aJI f 0idJ <>IjUI JiOl .(!jA!I 0 ^LL_U)kg C0 2 /kW p 
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-JLo- iUUoj 1 121.2 kg C0 2 /kW p : 1050 km iiL~. ^l>i 6 ^SLLJJ 

174.6 kg C0 2 /kW p : SjjJLJI j jiLLJJj t 37.5 kg C0 2 /kW p : 150 km iiL^ 
10000 km : JjJI^I Jl Util JiJ! JiJI uiw : tjr SL-iJl jJ> .k^Uj) 

Si: 34.1 kg C0 2 /kW p t (SjjlJI ^iU-t b _^LLJl!) Si: 31 kg C0 2 /kW p : i±A~> 

J 68 j dJllI J id! J 70 : J-kkd! J, *bVl .(SjJLII J-Ui. b ^SLLJJ) 
:i_pU-lVl -Ojdc/acj ‘1 = f(G) j ‘ Jj/^Jl ^ isl! 

25 : jjjjdl iaU)l ijj-Jl i^J-1 .Jjjl jb\ J<$> 1800 kWh/a j tUUl ^ 1100 kWh/a 
i Wagner, 1996j .Hagedorn, 1989 ^ Si^-U i5U=Jl oliUJI oUL .i&\ J 

.Honer, 1997j 


l_£ jAJ oj-l. yg .o.11 (JjjJl l a »-a jl ^y> jJL 
<<V-L-S/I SilkJl j! S/I tLsUl ^UaJl tfjUL- jr° 

. 169 MJ/kg hit jj>> Ul*j ^LjcoJIj j»Jj>d»^«Jl j» j\J ^sl5C«Jl 

<da>e>i jLxpj/l ^8 ji-j/l U Ulp t <u«Jj<J| ^»-l ^«J| 

iiliaJl ii ^ :,<i j/ » JJlj jjJLij ^ ‘ Jaii 4_jJsjJl ojJlSJI 

(>JlJ| ^ (18-t) JjJU>Jl ^ .227 MJ/kg 0J JLi liu-L^I 

j ^^Jl I ^jLj ojJJLlI aJaj>t» l > j^a 

^ i ( J_j<-2LlJlJ . ( j-oL> I jJlj j»j_J^oJj/l j»UJ ojJL^a-oJl U^ll J jJlU 
l_S"* i_5^ C ’ i_5^ «J| 4-^L*— oj/l) LoLoJl 

1 kWp (IkJ SJU^I ulkJl jU (1,050 kWh/a 

ij^kJl iLpUJi^/l) jjh\s? jjj ^ JJcjjdJj ‘770 kWh e i/a _y& 
j»UajJJ k^k^Dl LJL^+iLII ojJLaJl jLi (1,750 kWh/a ^ 
^S/l IJuxj .1138 kWh el /a Jl^ ^ 1 kW p ^^J^JJl 
(JldLl^xl ! Jj-JaxJl ^5lj>i 4jilx>c^Jl ^lljj/l ( ySLa')I 4— ii 


. (10.5 C0 2 /kWh el ^Jl 0.9) 


’ Jj-d- 5 


<. 1 C0 2 /kWh el ^1 0.85 jl ^5C*j 
0.07 jllp Jjjl t 4 _oL> j-^5 iSj-Xu j ^Sv— i 

t jj^^SLlI ^ I^U JJlL, ^ (C0 2 /kWh el 

j^L) j ^ 5 |»|jj>tdL<^Lj ^ . j d I ^jjJl j»Ua_Jl LLjI lij j/J J ,,/g j 
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a>- ^JLJl <1) Ld c <JU>cJl o Jj*> ^JJLa 

.LysaJ UL- d)j5L Jl5 O Jl Ju~*Si ^JL 

'iy^>-\ CljL^SLa d)l3 C <2j L^DflJLa A^> c-Jo 

Ji <-sjL}j^5sJl ^3 ^^JLJ o^Jl>c-<>JI 1^jIjL*--JIj 

J^jjl j-Jl ^3 c *!>LLa) SjjJJl oli j! ,j»j_Jl (J^L>- ojIjLij 

f-Lwvwa 3 j-j»l*Jl 4 _pL^J 1 j f-Lwwa 4 ^woL>cJ| ipLwJl I ^Ll <J^L>- 

d)L^Vl iwJ-pI ^ l> (<ll<>J| ^ 40 J^o->Jl J^>l j_p £_Lj 

Jg-«,*>^JLa wL)^_) La t Sj J.3 CJ l_laj>c-a 

oJ»& (J^L>- -0.^9 L/smI j) Jl™S1 oUL*^JI 

ojjb £-a b/ <Lj J i/g^l jjLU ojjjj C Jaj>Jl P- j-wJj .oLSj^l 

.Sfu^i joji ^ j^u!i ^slsji -kiji fUi: ^ ju^bo s jjJji 

j^Jaj d)l3 c (JL>- ^^JlP (. ^A^c-oJl ^ ^Lp_9 

4-L>-La) j_iJl -LsJ jjJlj 3 JjJji ^_Lp 1-Lw>- LiLdljJ 

.(CELESC p-L \j-$S a-S'j-^j (Florianopolis) 

( j-a ^a-b>Jl <ji j*5l Ao~J LfJ d) jSo d)l ^1^^ AJj } y9~l j-iJlj 
Ol cS^Vl oly^Jl ^ .Jlj^-Vl ol* JjLa ^ ^SL-jJl p-PjJl 

SjJlAj LJIp N Jujl J*i\ J> JjLrf&l SjJjjJl 3ljLa| JlP 

P-LJI jl*AJL$«J t <L*jL$J1 CjIwU^-o-U 4j2_Lv 2-^JI j^-> /?-.<?. li ^j_>sJl 

SjJJL ^JwO-XJ <LjLoJ| oljj j-Jl C-olS” ^JLJLj c Jax3 J-wJl ^3 (1 )jJj>c*<J| 
. l^JLkJ 1 3^ j3 ^a c_j2_^SsJLj (1)1 ^liLJlj L^jjLo-» A_v2_j2_>c^ 
^3 p-LJl oLjiw) jl a>-I jL LwA ^-aL^J (1)1 IvsjI iJ 

C dUi 0J*^-P - < JJaJl Ojji J^Li*- < j-a 

p-LLI ^3 d)^L^-^a ^jLoJl^ ^lJ ^LjlpI 

A^- < Av2jL> cJwa wLmJI oL«a CjL^JLwM-a ^_Lo La JJ-P P--LJ1 

(JLo-JLII ^3 C-A-waJl ^3 ^^wo-aLJI >AJ aJLp oL ^y»\y£ 


283 


ojjJJl cLJLoJl .JjjI j-Jl ^ j-Jl!I 

oj-LaJ| djL )as>*-A . *Lo j-vaJ ^jjJl <Lla-c*>l ^_> Lo^>- I 

jLiJlj C ^jLoJI l)jJ^>«^JI (JLo-A*‘ % ^I OJJ^ 4_LoLxJl <U_3L*2^M 
aIpIaJI 0 jl>dj c JaiJlj c ^cJaJl 

cju^bu ojjJJI oLpL *LiI J> Lsj^j cJjjJlj olS'ysJl ^ 
5SUaJl 43 oLj-^waJl j 
c_3^ ^JaJ 0 j -> Jl ^jIj d)jl 

. llA <IojJaj pJo ^jJj l*X>- £^>lj 
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jJhid) (j 

jjl 


iiLkll ^ JLpVI J^JI j-JL> bJ j_a ^iJ_^Jl 
4JLwJl j-oIj <Lw*>!j^ Jj yp 1 _AwLoLXj ^Jo o*La^ ,4»J>L j_^_^Jl 

ojl^p- c Jl oL^Lioo'yij t^upL*-J>^/l ci™>- ya <uA^_aJ1 

. L^g.) 1 I^j^ApLL^ c Ja^>c-«Jl Ja-^ jJl 

U*JI Ji iUI^Jl 

^ Jj-Vlj) 5 jJ*LJl LpU-S>I jUp^I J j±% 

(^UaJbL^lj ^LJaJlj cJay^Jl Ujj UJ jLjLp^I 

•cr^W'j 

4 JUJI I Jl 

.AJ-sJI t <L>OjJlj t OjijJlj tJ^JalSl iJlSCaJj t <UXal!l 

t oj! j_>«Jl As^-j^j c Ja jJLw*Jl LI jjj t c-iJaJl) ^J-sJcJLxJl 4JL_> ol^-oLj 
(ibL,Vl J^JHJ ^L*£Jl o^yJlj c^LJlj cJJJidlj 
.^y>t<Jl ojJjjJl 
y yy3.il yflJl -L yoJl J t 0 L 0 ylaXoJl 

^9 ^a C ^UjLj t ^JLa) ^JLo ^9 ^y y /g-XlyL) \ ^XJyoJl J-^AXj 

JJj jJa yP ^J^yLl o^Lj Cy 3 ^ <-~^y^Ss\} o-b-b>cJl jlS^I jLxpVI 

tiLi ^3 Uj C 4-oLj_^_^J|j C LjI jJ>cJ1j l 4 _j J_ v2-Jl J^alj_*JL ^_£L>cXJ! 

t Ojl y>Jl (JLaXjI C *}LLa) 4^j_v2jJ j_aJ 1 LsjJaX^JJ 

yP C-i-Jl-^xJl J^L L^jl ^y^JlX^Jl jl^^lj . ( Ajj yg J 1 ijiLiJlj 
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i «JL*vJl i j\ 4_^_?-ljJl j_^?Llp- J|jLJL-.l (Jj jJs 

JuJ^dlj ‘ ((Wenham [et al.] 1997) jJaJl) t ^oJLo 

.{{Brazilian) SJLjl^JI <L>^ ^Jall 



jl*aj 6.6 kWp lAjii ijUjliL. :(1-10) Ji-iS 

.((Offenburg) *(Hans Grohe)) j>»-J 

iJjliLo <LSwiJl ijJJcJl oj^>-l j i AC ^y)l DC 
t J-JL^uJl ji ^UJlj cLSbcuJl Silo) ^k^Jl 

4ji15cl1I (Jjl*>i jLiP*yi Jii-'yi (5>i jla^lLi ^«JuJl ^j—S'lxJlj 

.SJulaJl 


<uAp&) 1 ^Lp P*sJ 1 — 10 


>». <ia«i7 <upixM«i^n 

i — JL*j __r^ ij-^ ( _$»«*'«““SJ| 
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o^y. ^ J> -Ut Jj* ^Jy^ Cy u~^ j' — 3 

10- 0 j i_jLwaJl <lL«JI 30—25 jIjUL>_> ij.Sj.oJ I 1 UL 0 JL 

j»jJL Lola-Vl i^LLxjJl oJ^j»-I jv-i aot»j .^LlLJI <lLoJl 

.OoC (J^-o-; ( l _j~«-^' 1 — 31*j) k_j j*Jl ^jll Jj jjJl 

^3 l ...fg i I j^>Jl j^jcJl ^ jJL jjO*toJl LoLjJl ij *jJl oJ^o-lj 

ji jJj^J S/lfL. (1-10) JJLlJI ^ jL^o j-LLjl 

L. J . !L5\J .OoL j «,iO ~ ] jJ jJ j^xj JJjLLo jjO-toJl ^jLo jLgifo 

ijij^Jl i "V tJljj?- > yi ^o Jj-bJl .5 j~£ k_JL*jJl jLjj»- 

<j2 l*j .(Ertiirk, 1997 ) i-JL^Vl ^LJlSLJl ^yzjyC ^L^l 

^ LJL* iilSS S^liS jJL>J (SLu t ji^Jl) dJliil JbJl *U«jf 
iwLJLSLlL! 4j>t^jLi i(oLpL»> 3 J-? t*)LLo) (_£jj_Jl t_LL*jJl j(jjJo 

. iJlojJJ <U<2jt> 0 X 0 JI 

oL«L^j<J , )n ^aoJxj 5-Jb»t)l ^^Jlp <LpL>vi^n 2—1—10 

Aj^aJl 

<Ljlj oLi j~p) chilli !_yj) y - !j-aJI 

11- S^j ^LjLj c Lj.S j^P O j^j Lo IjsL <C«^o~JL]| <L-pL*Lj^L! Jo jJL*Jl 

l _y) t j-5v-o— a— ll ^j-o'^l jl>JL ijjLa-o ( j-oL$L*_i*y L j jlLjJI 
j»UajJl (JlLoJl ^^Lp <. ‘CoL % )LoJl j*p ^ jJaJl ^jij . ( <L jJL*-^oJ I 

jJLiJl ijl3 t j*Jl Jo j la >- ^jJoLua ^3 <L^j>-l jJL ^-o-LoJl j ..ip ^ 1 j^iJl 

(Krauter, LLoJI ^ 42 ( *Jlo jls Sj_J.L_oJI 4_^L>«_J.pAJ ^LSLxJ'iflj 

. 1993c) 

«-LLjIj) ^\a ««« 1 1 ^2jLs<2^- j~Jcj <U<ajio- ^j5L«j ( j-ol5L*j*y L JJLaJl 
^_^Jl oUJiU jL^SL'yi o*>L.LcJ Jviil Jiljj ^L ji t (ijj 
LJL2>I (Coatings) oL-Jckj jl c 4-_~^>_LJl LJijiJl 1 _ j JcpI oi j-o- j-«Jl 
.^ISLL^U 5 ^L,iO^ 


287 


ji . jl J 1— 2-1-10 

^jj! t ^ j.*/3 .«. ll ^--jg-^^-U 4_wc*>ljw4 4-^Xj C-LJLjJ 

4^L*_*I>>AJ c ^ jj^Jl t. oL>cJl £ja Xoj& l)I qa 

pJaj jJ bs^Up <bjj ygllj-iJl iojJaJwoJl (o f-l J^-b) <LjIj (J ji>- jJb 
.4*X-AJ jjb>s-^Jl ^Jb>Jb 

^ *h! J*IS c/Wa Jlp Jj^JJ 

bj>-bJ 4_i_> J_*Jj l 4j jJL*-vwoJ I ^IjJVl {jA oUbJg 0*^bJ ol5"b>^ 

^1 gSlujl .V JSbJ, ^.U oIS ^kJSM UJ jbjLP^/l ^ 
4j>^ j-« (Grooving) ^jJj>o LljJ o*>Vl! L^Jlp Ul^l^ 

^ SJIjlS* LUJl Jlp LpU-i>l jLj ^Ul c( 2-10) JibJJl 

^ s*j . 150 Q j (. 120 e j <. 90 Q 4a1i>«-o <bjlj 

<oL>j ^j-Sbo-j t JgjJL^Jl LljjJ bw-wvJ j-y^ iS^ 3 

.(^ ^ Lw>oJl ^Ja-wJb <bjbLa) 



©liS] ^) V Ji-S AAs Cdj <Ay\al^ J££ 4jjUl5l :(2-10) jSJill 

.(^ ^LiJ %JjU* V Jii J& iilii-a JJ>kJ Ujjl (AjjI&jI Ajjj 
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SLilfcil S# 2 - 2 - 1-10 

e-LJL>j a ] o ^ j\ jj L^-J-P (J ^.yg_>cJl ^_> o^w^Jl 

<• <Jlt*Jl ^^i-P ’ ^ ^ J“^° J-* ^UaAJJ iolJLol 

<l*pL*_*a>^/ 1 0^3 t Ow^jil I )) ) 1.5 mm j^Jl {£^ 

^j_SsJ c oJuliJl <L^-j J-P ^LpI ^*JL> ^r-lg.*,^ ^1_P 

J£JL,) LpUJ^I fU3l ^lai^J V JiLi Jlp sL*uJl ijJl 

^J»p l£-^ c^i l)*^->- J^LS* 

{2 ^lAl ^k-JJ ijJl *LUI jl .UpUJI oUL^JI Jlp 

iJj-*-«JL) ^J^LsXJij <lLoL? <^L~JJ ijiLiJl oli t ojljj>-| 

^_A ^3^JL<>Jl -£il . <U^JL^.oJ I j oLjLLsJl 4 -Jl-JI ^Xj>-L**woJ ^t->- 

j-*Jl i — ■ . -, <? 4 l l i?-L ~oj j^LaVl ( j~»*>VxiJ <ll«JI 60 ^1 jj>- 
^ 95 ^1 iiJl 80j (oL~°*>ViJl i^lSkJlj JiLi ( _ ? Ip bU^pl) 
.L^UJl ^ 5-p| ^1 ^L^JJ fcjl 



J»!>i jJ :^j9i ^Jlc :(3-10) J&JJI 

-o^xa je.1 ^s j» giui je. v jii jt > ^-a) o-ata 
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JlpI Jaii (4-10) JiLDl J> U5 JLij*. ^ *LiJL 

l ** J 1 ^ I C (^J j , " i> | 1 I ^jlp) Lo J) - ^ *~ ^ ^3 ^ - **• ‘ i L **-^ l *^~ iuWL-O i-^ 1 

i*J^I JU c(B ^UJtJl) aJ^JI oUly (A ^UJJl) 

ij .*r.*. 1 i l **_j I i.^. yyl | ^JLp i g g . *> - /y i 4 1^ ^ U | 



V {JLm aIimI jj \a jiiLtll ^k»nl Ajij^ <ui cIm:) :(4-l0) J&wll 

»Ijj j.> i~<ljS * L.^iH jjt 

95.7 ( j-o 5 j j-vaJl AjiLiJl t *1 j^JJ ^h^JW *Up 

axp ^3 99.7 ^jj_ (C jJaj!) ^ 1 s^s* ajl^JI ^3 
j! ;ULJ_>J (B J A ^l*_Jjl ^kJl) V JJLiJl olS ol>Jl 

ociVl jl Sfl t iUL5 UjL5i ^ jJ oLASUJVl 

t A. : .k^,^ V JSkLil 3>JJ JjliJl ^k~Jl Jl k ^LJl 

urTj-* ur'- c " J 7giass= l-52j t90 B <■ 

^-51 . .,<? ) ^-LL«Jl cjI A*)a !' IjI^j ol Loj^ ,(A, = 550nm 

^J) <lLs^I jJl <L*_Ji , }\J iw ^5sJl (jli t j->Jl ^Lx^LlI j~*. 5^j LoJJ^c- 

Jg ^JL^Jl Ig.^ ^ylp il-^j C 80 B Jg ^JL^Jl 

j! Sn C J, 95.4 ^Jl (^ ji^J\ ^ig.Jl J>) iJLoJl J> 60.9 ^ 

t (<uLp u ^cJ i*^I jl 3?y *y <oV) LJL. JJL j>JJ JAiJl ^kJl 
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Lib- I <L>-L~a ^ll <U~»l!L) ^>- j^Jl l jJia>Cj 

C-jL>-L~wqLJ ^j.« l)a i Jj>&j ^jJ i. 3 L oLzj^oJl aJ ww J 1 ^3 <L ^LlH-wal 

l_5 j-s^-ll ( _yili>o'yi ^LL (3-10) JSLiJl ( j!Lj .Uj j-Allji <daAlll 

al2L| ^jp c a-lv? ^&Jl oLyoill ^JiLa t aiaJLJl j*s* cijL>-Lw^J 

{ja 1 aat AX«Jl ^3 30 ^ll j>- jU t 4Ja3l~Jl 4_pl*LaNl ^Jj <™jjLj .<UlJl 

4j>-JL) -LflJjJl ^j t b A >&j La C LgJ ^<Lo ^-a^ O Lla-LjJl ^j-^a^LlJl <P-L**wa 


. ^3 70 ^jldJlao JJlLj 



■UW*J» 5K Je. V j!LS Jc ^ ^al j «aijSaLa {Jji :(5-10) JSJJ 

cia^iilJI £k-V ^a a-LiJl JikJja JI «U)|L 

aLLi^la 4^~~«_2lJl ajpjl JS-1.3 j^Laal^l ^ylaLaaS- ^jSLoj 

Green, jJaJl) aij ^-x-oJl Lwa ^}\ L*^Jl ^^Jp ojMpj .h,,o il ^ _^Jl 
MS Jp V JSLi Jp Uaj >JI J-Ja: (1 ^u i t (1995 
Jh .((5-10) JSLDI J^\) (L^a JS Jp ^ >j^Jl .ULl) 
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.Iv2j 1 o^-blSvJl o^L j t <uL>cJJ 4^ o^LoJl c_oU>- 

*wA,*.L«J olg.lal jL&y I Jj3l j?}\ 3 — 2 — 1 — 10 

4*o j)Ja*.ioJl 

( ^ j.o/9 — ) 1 fUg-lll olS'l^s-o-S" 0^\-p| ^dJL^Jl J^2^\ ^ltaX^cJLw»*lj 

^JdJl J C (EVA) ^Lsy\ - - oL~J J C ^ j^SUJl 

<l)li c iJ j5s^LwvJl 4™*JJI 4 Jl>JIj c o^L,/?x>.!l 

j-^lAsA J JwiiVl (j jwaJl Jil j-Jl ‘ 4-J^/l gjluJl J\ iS^j-i J-*L*-* 
ijiliJl o^L j j l£^j-z ^ _ oli-ww-lj ^L>-jJI) ( j_Ju j_L*J! 

c iJliJl *1 jJJ 4UJI ^ 3.2 jIjl^, (^l^Sai ^Jl JULj) Ae^aJl 
-10) JiwJl ^L» .(Krauter, 1993c ^1) 4*£^>Jl ^1 y JJ iuJl ^ 1.9 j 

J-<jL*^j) tlj 4jLll>5-« 0*}taL*-oJ 4-Ja^L^wO j+S* 4-w^>lj 4^£-L*_JoN ijSLiJl (6 
,(<LJll!l 4jkJaJl jLw^^jl J^bco) n 2 j (is>sLo % yi 4 j 2. JaJl jLw»^j| 

.U^jI (PQ 40/50) 4JiJb^ io ji ia jlkuJ 4 j3UJI 



^j^jU jU&ftl ^ulx* <AjJal4 i I Jill AjjUill :(6*10) J&mJI 

.{0 = 0°) usjW 1 
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bL*JI 4-2-1-10 

ol ^..>0 c *\ <U jiiXoJl ^Ja-wJ (Jj3l ^ 

<. J S/I .n = 1.3 jl~£l oiUJl SJU)fl 

JLii t kiJJi oJlss LgJ 4-1^ oil* JL>-^j *y t Ja>Jl * 

; Sil *,(j * 4 a ^ Is ^ J-jL^ *LJLp ^ I Lj k ijUu Oo^>~l 

SiUj Jl SiU-o UJaS (n = 1.33) oLJl (»|JL^I 

.(Krauter, 2004) SlJl ^ 2 jlJLi«j 5 J>\s jlJ 

t (X./4 *)li*) L j ...g ; 4 jLJs jJl oLa-iaJl t JU- (_^l ( _^- c ' 
jL^lVl o%ol~ Jl J&- ^ISUl^L jUUJI Jlp 

<L»~«_2i 4 jjI j>- oLu>l< ^3 4..1?" j,J Jli t L™^j >c^oJl 

t *>li*) oijj>Jl iJLJl <jj_>^2_Jl 5 j^^-VI ^ 

JjVl cjjLtoj .(^Jl ...^JibuJlj tol^*L£Jl 

4jllS\lJl C AjljLoJl dUi ^3 lo-)) <Uj ' j) .,r?” 1 ijjjJl Oil* j ]j 1 .oJJ 

•U^d> </ LS* ( 5 ^ UJI J! 

tw-jS” ^31 oliil 2-10 

((7-10) JSLiJl) olljl j»Ukl 

J->cJL^Lj C y* 4-o yjJl CJ La j}JgJ>..oJ 1 

.((8-10) JSLlII Ju\) LuaJJ ojli. ik~o oLSvi' 

l ^ v? jo oU ^-L p- Jwo-jo iolpjJl «lj^J yJLl! 

. iw*^J[Jl ia^JfiJwoJJ yJl L)b~*^ ^Lp^ l.yg.xj 

-10) JSwJl ^1) (Eternit) y ip i*Lp-^l i^j 

^3 Q«..wJu j^Si<o <JL.«.a.>~ (. i> y^vwoJl l-L>- o. ^>ljwoJl t((7 

‘tJo (J1 j_jl*^I Oj^ Cy*J ^^^>0 4jyjdL jg.i? 

j! y ip j^ojo i^Lp^ ij^j 5 j jlJLsJI iJJuoJl ialpjJl 
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SjUJI ol VI . SiJl J 90 J\j^ aikJl ib^l 

c_~>cj Ij^Jj t^ji-^-xVl ( _ J J-c- c~j^Vl Lfi>i ^jiJl 

^JLiJl <u)_»_p ^JljJl jLJ<Jl d)| t Jj J_ j!> jJj>cj 

iUt>i il j-» (_£ jj-Vl oIj-jj )a « )l . <cJa oiLo 

(PE) 1 ^Jl ; iJ _^JI j c(PP) i1 ^ j ^J > J| Olib la^jjJu” 
i-> ji oiLo ic~u~w>^l i_SLJV j^Vl jjt c~oj-1jVI 



. Solbac a£jL« 4-alco <±u a J < /nmli < : (7— 10 ) JLJJI 
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m u r 



CiU Solbac aSjU (V2A) 1^-11 f Ji» X j o 


ZUX :(8-10) J ii» 

.Ajjiiyi iji jiii 


*UI , 


oJiiU jl c *)\-Lo , 

j*y J\ 

Ji 

Uii4 V 


£?*** lt 


IjU j£a j L Ulxit 3—10 

; I f-y^~ 

I iiliaJJ i^^iLLo f-y>cj - L_iJL«Jl 4_£3 >-Ij 

iJJLJl ^LJli^Jlj iSlkJl j SjLJI J 
^IjJVlj lSjL^I J^AxJl 

.ijy ^<jJ| aJ j^JI 

t _ # q-^JI oiLJl 1-3-10 

i J»*>Lj ^a^j> IaJLa (9— 10) 


<~L>- 24 ^>-^> <■ .o jUl i4LJj^5''yi ^L>-j jyi 

l_AA**J| ^j«o *AjJ lo^yLJl 4»oL>-! 

L>*A>o (j^J <■ “U-Aj j»UajJl IAaj .ii-La 

(Atlantis) l£jJ* J_Li ^ i «-i j j^o I iJ j_xJl~o 

LL5— jU ^LJLj t4.30€/m 2 ^ ^aJLS^JI .k>j^>j^J\ 

j*J (_^aJaj i_aJ L » j~^i “CIaISo OySwo £-jjJl lA®> yj> IAjA>- 
.^y j-AJ ji jJ ja J> 4*3 
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Newtec) <4“*" J=Xu J*U, ■— *L-j :(9-10) Js-ilt 

.((Wildanu) jjIjIsj) 



4£_)*i j-Q oia.1 j * »«■" AJavLj : ( 1 0- 10) 
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2 - 3-10 

>J| ^ Jil v— UI oi^iyi a! ^ 

1$->I S/J t(LoL>Jl ^ ^3 30 jIjJLoj JJI opI*-J>J 

^xJl \j djlS" jt » .^jUJl Ja^Jl ^o I Jj>- 4jI-L>“ 

^jL^Zjqj tiSUaJl j^oL t *^Lo) I^Pjj L^jp-LaS^ ^j£> l ) \ <-Xj jJ 

ol^j>-lj J^-^jLwvJ La LJLp (^s-aUl olS j-^>j t iijJwJlj t^LJl 
a I? ->^1 j-j jJLaJI .osL*Jl ^LoJlaIj oLjl>I C— iU <^Jj-^2sJ jJ 

JjJs?LwoJl .IvSjI Jlp Jj13 O Jj>o 4*,/gi>eLoJl OpljcJj^ll 

oU cLJU ^Juj\ dj^i <±~~ Jsi- ^ LjyLJl 

^LkiLJl Lpl*-S)fl ^ iJuJl ^ 42 ^JLj jJ ^L£L*J^L jULLJl 
JiS o$ j-yaii ji i^>-l j l^j jU t ^il!i j . Krauter, 1994a 

4j>-j^ Oli 4Jww<>J O J_*_1 _Aj I-AjI j ^jaJLw*> oLLSvJo 

^UjJl jl jl y> oL^-ljJl ! oJU 

ja-mo jjfc JiVl La j^aj 2000 €/m 2 750 t^ilSo ( j^l>Jl 

j+^Ls* (. aJL>cJ| oJj*> ^3^ .A^Jij Qj 1 

1*1a^ . AjjJudl CjL^>- 1 ^JL> AjjlAa OsLs^ 

.LjUu3 L_t j_aJ ol^-l jJl o J _a oJ j) .,/g : 1 j-i-ll ^L}j^_SsJl <1)1 ^j^-i 

toJlyJl oL^yllj ^jJuJl v^oJJl L5UJI :Uj 

Os jJaJwoJl oL_aJ jJ ^ j>~j c j ^liiLoJl 1 

jlaj\) o ^>“'^1 CIj! ^3 Cj Oj 

olkJl ^Jco <LL^ ^ ^Lh^Jl jjJJl ^JL*j .((11-10) J5 Ll!I 
.((Mason [et al.] 1995) J*\) S^UuJl 


297 



Jk. <JJ ja ii'jjj a jjlifl Sitai. viUjliio ijt+A :(1 1-10) JS*UI 


.((Stadtwerke Aachen) ’jit 4 jjj oil*" cu» ji) a*.j1 J&s 
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<Uj J jjjl oU I^SUD ^j\ yj\ 4— 10 

c^>u 4 _Ju»sJl! 4-.-g_.-g_>Jl J -j jt- Ji jJl Sjl j>- oU-jj 1—4—10 

SjjIjiJI k_i J jJaJl 

^iiJ 4 -j2-JL>i J l l «, /g > - <3 

mUp) 4s>- y>x^]\ <tJj>sJl SjI ^>- ^j£> <W3b>o^ (, 

l yg ^-bo) M55) ^v_j c (®^ j ) * ^ - ■ ' ojAaJI <iajSjW 

iJljJ^ill _j j~ulp- (_^3 4^ol>J i*jll!l <Lj (SSI 
(1994/9/ JlJtoVl t (43°13’ W c22°54’ S) J.JI ^Jb (UFRJ) 
LiiSlI) 4^U-i)Jl J-?—; JLij .22) 
.(14-10) JSbbJl J JL* ja U5 pJl diUJ (bjUib^lj 
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MS* dU- 

(1994/9/22) JjfitVI ^ bjLBMj « jiL**., *^s» JjsSft V^V' =( 14 - 10 ) J14JI 
.(43° 13' W t 22°54’ S) Jtfj* jj^a* ^ jsj bp. ^ 
o L-liJl 5jl^>Jl oU-ji (15-10) JSLiJl 
Oj la > o. ! I C— iLJ .LjjJLj ^LjjJI kiJJi <J*}L?- M55 

SjJill ‘Jajijj .<LojJiL«Jl 23® ^LaJjl jL-sil! 

^JLwol 0 A^aj LiLa 4_la_^l Ijj-L) l ^ .. A /y_J ^ j| yg * ] I 

^ Jij .i^U- SJlj ‘cr^J 

l L^Lw? 6:45 4 pI«JI Jails 4-oL> iL^l ^ j>JI o->LawLJL!I 
4_>c-jL) c 4:45 4 _p1_**JI l *_3 tJ ^_^ jJ 

jLj^SvJI iiUaJl .ojjL>tx>Jl ^jL^oJI <Ja_^ljj LoJj»- jJ j_«Jl J-JJajJ 
ojl ^>JI L^o (.300 Wh cJlS o 4— LLJl o-^-JJl 
t (STC) ijUJl ^ i^lkJl tiliJJ 25 S C oliJl 

■ ((16-10) J5LUI jJall) iuJl J 12 Jj>] 1 Jiy, J c~~J 

^ ojl j > sJl oL>-ji j,/a a >■ ^L>«j , )II 2-4-10 

iLJL^-SJl o jJLiJl j LJj-yjjJjJJl s.U5 SjLj ^ ^U^S/I 
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Ujl j>-\ cjl J>- ,_j J_j \> {ji- As^y>^]\ 

JL,\) olj^Si ^ 1989 fU hj. V L5^I ^Sy J_J ^ 

.(Krauter, 1993c 



M55 * aH 4 - SjljaJi :(15-10) 

•cWjII ,> ^ 1994/9/22 ^ .JOLA JJts ^ ^ 



Ajjlajll <^jaJ4l ejiilL Ajjlia tjjjlal <&jajft9 4jjLj££]l a_pii' :(16-10) J&Jill 

5l£l (MPP) Ysj-a s >J U-/ _ij» Uill 25 °C '. J j* *»jJ Ji* 
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^ y J* i jyP Jj jZ iSLkJl iit>\ ^ "*^1 

^ il^Jl fjj .o^JwaJl JlJkAU JiVl ^ c oJijIjJl iiUaJl 

•w^S* jJ Jj_> jJs? yp 4 ■>/? a >cJw^ oLjJLww-a J_Lp ^ %-*-*XjJl ojl jJ>- oL>ji 
JIjO ,<<?£> - *ly>-^l |j»& .e-LoJlj p l)Ij 3*“ ^Ujli^Jl 

.J_> j_JlU iSli? (j£l JjLLlI Jj^ yo 4^_L>tAJ J^JcJLxJl ojl jS>~ oi> jJ> ^y 
.^jJaX^Jl 4Ja^»l jj aJ y^>Jl {£j\ j>Jl (Jj-9 JjJl L-Lo-P p-LoJl jJL 

Ojl ^>cJl 4_>-j^ C .IJjLaawqJI *Lq»JJ 4»JL*Jl 4 jjI j->cJl 4_^**J| 4 ^>c-Joj 

^y*-yJ ^ jygaSl ojl y-Jl 4j>-j^ oj U5 - ( oLS^T ^jbcJl ^lajl) L>ojJJ 
<J+ 0 j^J' (W Jij . j^JaJl Jju ^Jl pJl y 

LjjjI ^y 4JLL*Jl ol j^mJI L&jLb jt-J 4^J-i>c-o ^-iLoJj L^j>c_v^ 

c/J 

JjyJl® o ^S sjJ >- ^JJl tjj'yi JjyJl jl^>- - 4«w>«jjlJ <uaI^- 

olyJl <1)15 . 1992 ^Ip y oJLj j%J t Ko^uu^Jl SjjI yJl <l^JIj 
y i*L^Jl M55 ZJjjd jH\ i. jliuU JUpVl y 

(LJL>- Shell Solar j t LIjLw- Siemens Solar Industries) SSI Jy 
|j-A .^J*djl^Jl yJ I 4^ I I y^o-> ^1 j^ 12 |t 

iiliaJJ ^y> j-Jl j-<Jl ^y 4 JL 0 JI ^y 2.6 LajJlS o^Lj j-^-tl j-ojJl 

SjIyJJ ijU- 5*1, cJl^-I y!l c^^l oljLx^lj .SjLySJl 

c-ol lf>l Sh ^iS\j .>,<g i I ^!>ljo o y-Wl i jj^ j ->,rfg 1 1 cjIjo ^ 5) o>l£Jl 
.(Krauter, 1993c ^1) ^l>- JS’U ^1 

Ljly- jijisj 3-4-10 

C *L jly- <] Ois* 1994 flp y^Jl yli!l ^ij^jJl 

4-« jJaJw«) 4-^^S # jj 4-J ta ^S # j c I 4 J c 4^ jJaJwoJJ oJ-pLaS" Lyajl ^ Ai>- 

(Thermal Enhanced PV J^L>«^ IjjI iL^vw>^> i-J j-vgJLl ji 

j^>-Jl jLjl^I |»J . Module with Integrated Standing) (TEPVIS) 
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t (18-10)j t (17-10) JULlVl ^1) ^ M55 ^ 

PQ oUjikiJl gj tSiJl J 12 M\ J L-5 ((19-10) 

. *ul«JI 9.5 ^Ju L_^S o J»lj <LjJ-a (_5® 10/40 

a-LoJl ^y2JU>- <C«-jJL) *L>a«CL> ^_>Lwa^j i_5^ i— - «-^J' oLS" 

.( ( _ J LLJ| iiJaJl j-j liii C~>cw3l a-LJJ LJl*J| iiLkJl) <ulkj ojLjj 

ia>J Laij t20 B ) l-l>- Lvii>bbo jlS^ (_£^jl~aj ^ iajiabJl J ~oj 

o2L> ^1 S, _jkuJl .^jl ^>JI j >~JI Jc ^ JJLS La t (jjljVji J > 
*L» j ]o‘.*\} Ljlj» t Ji~ta (jiUij £jl) Lvijl i_s* 

La <U».Lj La *}VSLj^a c L^J> r L ^a 12 cm ^Lp_J 

o«-Li5 cJli' tdUi £_aj .((Onneken) «^5LJjI» J-s^li) a-LJl jljj-s 
^j-a Jij^>ti-a J_5L2 Lj ^^.Lpl i-a jJi-bo-L! <Lo j ./? : !jJJl 

■(* Jc^ (_s® ^5 0 s " J-4i La J*5li>- <Lac>- j-Jl <Lj j-AJjiJl 



b,ia- jri^i :(TEPVIS) 2-0. JaUa Ljl ja. i£a~ i-jti. :(17-I0) JUtf 

.(1995 .uul .jjiji) ^j^sj o^j -1 ^ 1 1.6% L-s J*i.i ALjsSn & > — -.jSii 
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tj-s-i Jj-Lj-lJl j*-j i<L«_iaJ}\J Lo^-^-SUl ^jAjV^aJ>Ji\ L-3*>Lli~l 

jv-j -iij . L*jLxj-l 0ilp|j (oi^«Jlj j-«Jl) oLajJiLoJl 
Jl i— . a x " S L> (l ^ j.s) e\\ oj JjjJl dlrs a >)) JC_£- C^LajjlaX.oJ' 

j»UajJl# .o^mLaJI ^j»L 3 ^J^j>cJl 

(Integrated Solar Home System (I- «J-oL£jl<JI 

.2002 j»U y. Jj^l ^1 SHS)) 

oljL^-l 4-4-10 



uAjJuBj j&)Sj*oSlji jjiljliiu <j ijli. TEPVIS ijjtaJJ S J _>jjl ijU.^ :( 1 8-10) JiiB 
J*-j» ^ .Jj-ill Sjjill UA Jit l«W2 f, .(PQ 10/40 <MP55) 

.(7/21/1 995) \Mi Jjlji ^ fjJ c UjS ^ j-j VJ 
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M55 V jLL. TEPV1S i*>il «Aj*SS i > # :(19-10) JiA* 

.(oMfij a jjSA a H <_£ j. AJaii .lie. IaA^ISj t^ilSsu 

.11,6% 

^ TEPVIS l» j-LS j *b 5-4-10 

y TEPVIS io ^JiuJl OI> e_JJa (^ 1995 jr-~- /J jbj ^ 

c*->LS* <u> o^LoJl j-* <ol~L>- <u£jj 

.((20-10) JSLDl >11) (Galvanized) iV > 



.(^iljl J~ll ^ Oil >) jil*. iV> > **«* ^ 


i-=- y jJ\ JSLi; Ui5U 0 jSL- Ujj tu*d (.jlill SV jiJl ^Ijii^l (1) 

U J~&\ ^$Jul 3) Sajjbdl S-La^JI 0 jXdJJ 4jl Sfj 1 jilkJJ 

.til S jiUdl aV yl I Of 
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ojjJJl PQ 10/40 l y£j> jla^a jES-l j*j Jij 

(LJU- ASE-Schott/RWE /liL. (Telefunken) j*) 

o yljJl j-Afll o jSli oljLJ liiij l iojiiji 12 ( j-j ^ 

^LiJl f-LkiE ^ .((21-10) JJELJI jJaJl) 

O-SLc-j^ CljLa ^JaJwoJl ^j-o *— » t l ^ 0 j~ ‘* I ' ^Ij>- 1 

j*_j olol JlSLi^l ,oL»LaJI Aaj LajLx>-| 

4 la ■ .3 j ^ IjjJU l^JLxj ^ j| . <2 A ] ' oj Jjjjl rila a \j .C^EaLJsJl ojjb 

aLwC-La«_Ji^l (j-aEi p_j L*-? . j -JCLttJl J_«_>J| EajLLaj OjJjlJl ^Li 

(Pyranometer) (^jJl^^Jl) (jjL^Jl ^UJS^I ^Li Jlf?- ik~al^j 

. BM5 



Wj- i^ki* (siki) TEPVIS i-jti-u iiji. ^Ls :(2 1-1 0) JkiJ! 

»l£l ^ BM5 ja t* PQ 10/40 Jl buu U*il£ <(4j*uSfl) 

.1995 <1» ^ ^jaUj ^ ^L-USI .l_*j 
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»jjUl 0.1.1 * ajjj^uIjO <*j]*o*i o ^^^i ijjliu :(22-l 0) JSo*A 

^Vjo yi fJi J5U (PQ 10/40 Jl ijUaJ U»21S) TEPV1S =u^*J 

(38°37' E .20° 10' S) 

oljLi5-Vl gSlsi (25-10) I (24-10) i (23-10) JliLiVl yy 

^ (bjJij •(jSjibii Ji^Ji ij 1 ls*^ 

- (cjLo^Jj J^r*J Lwwm^j objL> ^Jld - 

! LJLJL y ! jj <kjlJl>zZ ^3 fjS}\ jl y-J Cj^i (d 

(<ts*i oly~>J j y y ) TEPVIS i. ob yyJl y SbLjJl 
(<^*w<ddl cjLo ^Jj-Lo Iz^At ybd ) ^-L_LaiJI t, ^;;.U 

(j/g i>cJw»Jl *— >L-d . 1?49 <Ubdl 6.4 ^Ju 

t (33 Q y> 20 q <L>jlj) djla^dJ £lyd I J^oJl 
y t ^jJabdl JjJa y 2/3 d jJa ^jJ) yd I J-ydl 
LlLSj ,(<iba 15 cm iiLwvwa dajJa_L<dl ^Ja-*d L>jl j-a <l)lydl J^-b 
t5jl y (jliaj JJ Lblj jlydl Ji»b ^5 jI yd I Jydl Laa>- yliJbdl 
(£ j-d*Jl y_y-~^oJl y o jl y- y- y djd 10 K ^Jl y*-) JLp 

^j-LpI Jy_*LJ Ojl y- oL>-jb ^]\ ^jJl c(jlj->sJJ ^^-Lddlj 
e-LJL>^/ 1 C1 -j>cj dlbk c ^dadJ ^ud_*di bb! .d j^JaldJ 
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^IpI £-«j l g <J ol^>tJ 

J^_j~ jj^o <usJi5oJl i j- j^jLj jl5 lij Lo t (_j jj-l 4_^_>- 

.JbJLjJl J^wdl ^UJu L^o Jlj, 'if jl>o i^)f| SJL^UJI JIjliJ 



jtjiiyj JL- fJi JUi TEPVIS i-. jbi*L (PQ 1 0/40) 



.(38°37' E i20°10' S 'j^y) Oj hm <j Ji+ >_>Lofjj 
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J-lScuJl Lr ^i\ Jy . Jl flkJl 6-4-10 

fUaJl oL^ 1-6-4-10 

t (Fabian Ochs) J_ii j_a Jl ^ 

t j-w<»L*-Jl J*Aj- t i_jIjlSL 1 I iw«Jj-a i_il c— >«J j-jJL^^-Lo <. JU» 

: ^UajJJ ^,L,Sfl (25-10) JJJUl .2002/2001 

JjJ.ygla ( ^JojUs|*y 30 Wp l j*SJ‘ j]a*A ^y> j ygl l jjiJl jJ jjl Oj^Co 

oLjUaj J^- jj SJ-C-LaJl <LJj J^-lij .(_gjl^l!l 
60 1 115 V) 200 W j (105 Ah 1 12 V) ilUJl 

«-L<>Jl oIjA- j* jJLj ■ (6 A) ^jjs^L-zJLi j»_5vj><jlU jL^_>- (Hz 

55 jLj (^j-jIS) Ji^La ^Jl tjl jb\j .oL _JLJI Jj j^> 

iL^l^Jl cilJSfl ol> J. 51 _^a oU^iUJl .(5JU 

<d ji» gi j^jJI Ulaj .AJJ jLaJI (Epoxy Resin) LS ~Sjjy\ eyijj 
.0.3 m 3 <u^>j i0.5m <uapj t 0.76 m apLlJjIj 1 1.37 m 
La jjlp ^ (20 kg) Lc- jl3 o^-^j LoJj^p 5J j g ... > 7 — 3 ^pjJl ^JJL 

i^-LsJl 0 ji ya (320 kg) c.. r ^»::ll £-Sj» ^ a-LJL Ujl*-* j j 
.((26-10)j (25-10) 1 >15LUI ^Jall) iJUl w>jl 



L (200W .60Hz .1 15V) ai>JI JL£» E >a 
- (105Ah<12V)vjU* 

.(I-SHS) JalSlCl sr -a2JI fUiiH ^ >J :(25-10) JS£» 
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JUJ .UalSUjS jUiVI .usl J.ISU ^....a ^IjiJ (.Uiill £ i^u :(26-10) Jiifl 
i# J jsj ‘UFRJ 4»«Uj oj 3 *® t > J*“ fj" - "'' • jj4“W- 

wO- y> jl J^~y iajiaXoJl £L&>V 30 b <LjljJl jLxi-l 
300 L>ji7 .Jjjl ijJl ^ ^ (tlxJJl J$ 

jlj^Jl J_«_*jj ..LJL UjJu_. jj5L> LoJLXp t300 kg (JjL^jj iliters 
^3 ^jj>-j^jJI ^jOoJ*i/l /^-Q — ~i.3 « 4-d j ■..' g X 1 jil\ O’ LajiaXoJJ (JL*J Ji j^>S 

-i~>- J^sOj ojl j>J| (JlibL <Lj j-^ix! jji!l oLajlgXo.ll ^y> OlLiJl 4^j>Jl 
4JL*_~a jj-a t .LoJl j»jJL>j .olj-i«Jl ^ OjJ->a-<>Jl a-LoJl 

^ja k_ oji (_$J-a ^J| <lJj>JI ojl jg- oLg-ji JjJj>o t oJLxJl ijjl jgJl 

.((27-10) J5L.LJI jlajl) Ja-gwJl Ja~a jJl ojl jg- oL>-ji 

Jg .a jJl ojl 4 j>-j. 3 i_5^i 0 *oJLj <oL>Jl ojl j 2 - 4j>-j.3 ^3 SxsLjjJI 
(j^jLo /jlil J*iLg- j (ji jjj ^3 j»LI oJ_*J c~~-i Ja~-t-«Jl 
p-JjL ILijULa o*UJi)fl JUJUS’ (28-10) J-SLdJl io-aj 2002 
(Messenger and jJall) (SHS) Loll; luJalSl ixilSLoJl 

. (Krauter and Schmid, 1999) j i (Krauter, 1998)j i Ventre, 2000 
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>sl) JL. fji JU. (l-SHS) J.1S1. 1 yjji- fUiil ij :(27-10) JSiB 

i> ^jUSI t jaJl ^ cUil sjji VjJj f •“» I-SHS‘) JLJ ejlji i»>S i("V^V'" 
• K|- » « ' * SHS fUaij iijli. f JjiS Sjlj^ <».>> n ) J 

c jL^tjo'yi ix»«d j]\ yo ^S' ^JL> 

4 .. ]a ?tJI oLi*}L*Jl t^ljjJl <Lp j_»i oIj-J<j 

ri-rth 

r co „ v Sffi - r am( , ie „, = 0.03 ■ G (k ■ (W/m 2 )- 1 ) 

T I -SHS upper ~ T ambient = 0.012 ' G (k • (W/lTl 2 ) ') 

T I-SHS lower ~ T ambient = 0-0058 G ( K ' (W/m 2 ) ‘) 

Tshsj t G (j| 

Jl fULJJ L. 


5jl_ 

UUJIO (SHS) ^jlJLUI 
(Krauter andj t (Krauter , 1998) c~~-i l» (<<i ; _>i^- J _«Jl 

(Krauter j i2000 c.-Lp! J\ Schmid, 1999) 

LJuJl i» j ]a \ a. !l ojl ^ j>- ( _ r » T upper j . and Hanitsch, 1996) 

(-5“^-^' cP (*^' J* ** °J y yy Ti owerJ 
j] (K) ^j-iKJL Slk^ o j \ ^>JI oU-jj . (I-SHS) J-oliicJl 

.( a C) iy. Jl irjjdl 
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(W/nr) ys» se.U^i 

>JI yujb 4j jli. iua-JI J=— j S J ja. <5.^1 jjj jjill :(28-10) JiiS 

•V-Uusyi ^ yijs fj ~J. (shs Artfiili) 

ojl O jI j>-j3 ^3 ^^Lajs^jVI (jL5 c 4jL)L>» i ^3 

( J_vaj jljJL«_j 3j3 j^>Jl ioljj L$^5i “ J <J*^-^~ 

Is^^j .(Krauter, 1996)j c(Krauter, 1995) ii^Jl ^ 12 ^Jl 
iiJl ^ 9 L~S o j4&\ I-SHS o _^Jl jU t Ji^Ljl jikJJ 
Cj|3j 3 j-o JlJ'LJL; i ^3 >L«Jl <l)ljj3 . h a 9 

W ^Hr u^-J V fL !j4^ 

*LJl oU idiUi ^1 oL2>>l> .^UaiJU jLii-Vl JjUcl-VI Jl* 

.Jjjl^Jl ^3 5 Sj^»l jJ j3L«Jl 

f-LoJl w\-J ^ ^v3.J ^LLw*Jl 4^ (JltaLw»*>! 

.^Ul 

£-~»l jJl ^Lij^l .Ss>-\j i S_pLlv» 

S^l*) (I-SHS) LL-LS^lJI iJjj^Jl LJi&J 
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\.a/3^J>- Ixj j+si ji^Sj ^UcJl ^sl-dJ yJl J)\ yJl 

o^LoJl .£-w»<l jJl ^-IdJ^U jjj-i 50 yo ^-IdJ^ ‘■■- j l^l-^bo 

I^jI jJJ i2J-d*^*>lJl i — s^jl>xjj (j ji I jl yc ^> L <uild<Jl 

‘L^-jLp iy^-LS" <La ) <lL>LowoJ| d->lJl^j>eJl y>s_ld« _ 

|*JL> j-odJl ^J^Sl_d> j .ol jJ^a> j_JdxJ oLjLo—/? (1) jo>JJL> (oOjI jJLU 

^pJL^3j ^Sj t clU^ J_X_J . y> ^ dd~J jJl ( j-0 <* — J l_i y> aA^Ss-JLj 

lJLJI ^Id^dd^b c <cLw»< yo ( 1 ) t <l)l^>sJl 

oL»j]gA^.!l l_^5” jJ j^ju t o^ijJx *ly>-lj ^Jljj 

(l)lj->cJl <J^b>- o*^VjLS\JJ obJ kw-ws-S” jJ ^_xj Lo-S" . ( Jwv2_aU 4_Lli 4 JLjJaj 
dwdL-o—l 1 ^wQaAJI <1)1-9 C <*LLb 4 _sLv^| .4_jLwv2_!l 4 _a_1wOwP - g ... ■ 1 

P-ljJ .bwAAA>s-a f-bl ^1 ?.*.waO (l)!^>eJi 1 dJ la j)jg.X.o.b 

420 d^lS* ^Sj-ojJJ iw-iJlSoj c ya <1)15* ^Oj-<dJl 


•JJJt 


fUaJI cJJISi S3 ly> 2-6-4-10 

djl J^l J C dalpjJl Oj C SJlpIaU 4j>- 1>- iildA dxj <bj d> 

». — aJISsjj l« a A,< gdll i — <LJIS sj ^5 ^j/3 a >- Jj-JL>o j»jd t yJl 

SiUaJl objJyj ^U^JJ dw-l^Jl oLJl . j»LlajJl 

^UaJl .lyy ^ ja^aIja!! f-ljj^^Jl ^AA,<g7 

o^L ^yuo t^LJl ^JyJl y (I-SHS) JolSdJl JyJl 

(^1 4.5^1 4^l > OjdJjJl ^|j-ab jylll S' 1^aI>- <1) Jg.A9 e-loJl 
<l)lj->eJl <l)jj .<U3 (^jLs^-oJl Jj>“loJl yo jJLoJl jLdJL jl^A>- 

J-® ^j-^LaJI Oji t(Jjb>Jl 

^■_A.A/g-> f-loJlj . 4_1 .^-a,aj 4_Laj 4-wLo-p l^ c djl^l j\*S 

(^\ iajli<J 1 jido j»U2jJl bs c 300 kg y> ^5*1 L$jb*Jl <l)jj 

dLSLJl ^_9 (l)i ^-> c_-w^ .4 ww9La^| dJ Ldwda (1)^^ 4 o2_a^Lp 
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J*ju Jl*a4 ilJboL jyJ I JU I y»L>- I-SHS j»UaJl j ^ t ^LJl 
tdX& ^1 oU>l .(^Jl ...£l*JL. l£j\jA td^Uip JiyuJl jLJL 
i_JjJJa^>Jl ys-LJl c-LoJl jj jili j»UallU 
oiLpJ jji ^jj> 0 jj_i)l oLfLlp-l (J— JL><jJ oJ^j»-I oJLs- 

J»UajJl LjLJLSCi jji .^UajJl j» ; . 0 . «,<3 * 

i^lkJl oLJl£j ^jl^J ^yyJlj i(SHS) ^JuLdl 

SjU)J iJUi U^j y* I-SHS ^UkjJl jli tiilkU ^tsSfl oJyJlj 

.SJuJl jisLJl 

J-lSouJl ^ o-^Jl JyJl (.Usd! asl y 3-6-4-10 

.j»UaJl iwiJISc] j jL !>.'>■ • 

.<uL><JJ <Wai>cJ.I J_J«JLl!l cjl y- y-y y * 

.liL~~a 4jj>A\j La™-o A^lvail ol-iyjJl <J^»- y <UIp <Uj • 

°J^) iS J^ 3 jLj * 

^j^-LwwJl *UJ ® 

5JU>I oljyt; 4-6-4-10 

cr* c r ~~S' ^Jl ci^>" oL^^Jl 

jli c4^Jj oJ jJl ^ij . iuJl 17-15 ZjLj^SZ . Jl otaj:> j^Jl 

j& ^jS* 4JLoJl ^3 15“ 10 JL>- ‘LoJaj'bM <Jui\SL> 

. <U/?.i.>c.^J 1 iwww2^il c_jLJ ISsj ^Ua^JJ ^wo^cjJj 

38—28 jIjJLoj \^ «/}&>- /^5Co-j 4 ^ 0 j) yg~ljja.ll -lJ i — <LJ lS^> ols t ajL^jJI 
o^LpJ ! Lj-o \jwol l)^^j l)I ^UajJl^ . 4JLoJl ^3 

C ^l^oJl ^>s><>J>cJ 

^U-jJl) ^jJj>c-o J^P J^S\-JL> o j-3jJLd j-^Jlj X^-LjlJ j-JIj 
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. ( I ) La ^L*- a ( 2 r° L^xpLLs^ _^l c 

. Aj Lygl l <Jli>- AjJ U5 j^P aJ ^illoJlj 


jjj-i 80 ^Jl y^~ ^j-^l-JLJ^-?-^ A«^Li ^Ll>! c-i-Jl-^j 

t(<l**Jl ^ 4_*Ja_9 100) (^UajJl Jj « y? ) i ^lli^U jjj-l 250 j (. 
^^llL J^SLidJ jjjj 7000 aJjVi cjLJI&JI jl^Ml J> ^J^-T 
4_lLo-*Jl C-j3-JL^j l)| £«.*.>- j . aJL^Iu 4-J^-^-U ^1 


J>uJl fUiJl jU cdJUJl (JUJI ^ \j£S Jit 

ji ^l>o| Jj^-I tlr° 1 1*1 a^ t l<A>- Uj%> l) .I^Ixa J^L^ioJl 


•J^ 
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jJmS' ($<)\ pA) ( j \jos§) 




^LL'jl Jl iilkJJ ^jJl ibl^s-Vl J, SjUJI S^UjJI 

<lJL>cJI <uLL*jl$JI (1) yj j £\ Jl -d— %dl c-^LjL*-oI ^^-*<1 

^jVl ^ ^pUJ^I J^UI bj\yj .iiUaJl oldJdl oJtfUl 

-Ls_-*dl ^ jJL>c_> 3 ^_3 o oLjJl j_*Jd -Li p-l «/? 4 II J 

^ jJL*_Sl JL>“ % >La j_A Lo-S* j->Jl t-J % >taJl ^ 

^c_la_^J ^LpI ojl jj>- ol>j: JJ-p LJL>- d) jl jjJl o-L>^jj ^ <l-^?L<>J| 
(^j_>Jl ei^Li-L! 4_>j .>,/? « Il LoLLJl ^^La^sJI Ijlaj I 

o-Ldp oJ_>o (^jJIj t*lj-*_>*Jl L*_dVl ^5 wL>5 

J-v^J (^dJl iw-iJaJl LoJ-o jVl (^jl ^>Jl ^L*-d>N I 

tSjl ^Jl i^jjJ oLjJl dLL ol jjb .L™J ^p JiL ^jVl 
^JljJ>o isiLv^J jl j-s^l L ^w?lp*yij oHyg^dll I^Lj Jda 

d-* Lo \.A/p m >- 1 ^ ^.-Jl ^ ^ ***&& ^%«j <-X3^j c L^J— »< ^ ^—al l) 50 

^^g-^c-3 ^Jj <U>“L>«J| <L)lS C 4^jLL>kJ| oJlA ^1_Pj .J^aUl <olpV j-wO 
l) jjj^sJl -L--sdl ^jU l^J-Ld d^ww>“ ^j-a LJLxJl iiUaJl -Xj jJj <uja_>l 
. l>&v?lj ^w?l l^k*” ®JJ^ *LjI 

-L— .dl ^jIj^ olkJl djLljl ^^2_>c_j2_i L-o-9 c (w^LlSsJI I -La 

Loj c l^Jd>- ojj^ *lxil ^5 id j^:l j-L!l oj~xjjJl d-»lk>c_oJ I 

^l-Ud^'yi o^IpIj cdlXdllj cJJtddl J t ^ls5)fl dlls 
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i^UJl iljJl JL. tijljsJl IIa J ijy Jl 

IjJjJjJl SjLp^f ^ jJS .& > Jl J tJ-j-i-JLJl k_3jjJj>J 

■Ji\ j^Jl > o>l 

<J-LaJI cj L k^- ^Ll»| J_p d^LiLfljbf I ^_a cjL>Lwvw^I ^3 o-LUl La ® 
c_ij L^ll oL j£l\ jLip'b/l ^ c ^:S jjiJl 

.dJJj ^ULl ^ t^tsyi oLU 

ijijii L5® ^ t_^ J-*-!' ‘ Jr*-^ *As~y> • 

JJ aJL^IjJI <L-pl*_J^I jLa C <jjj yg^jjjLll Oj j_aJ 1 4JfiJ>sl ^Lj^^Jl 

L^jLwoIj^j Jwoj c J^*_*xjdl ojl jj>- 4j>~j3j aJuJ-I 

.oL-«>jdj ol> ^JLa oJlP jLlUl J ^_> -\Jjj Ji J 

iiliaJl oLSLLI ^^3 j-U>L> LfJ LAjjjJJ ^Ull o^lil ^IJj>cJLwaiI • 
jj JJ l$^JH ^J^LlSI ^Ij-o-U 1 ^l-L^JL-^bM ! ^wwalL! 

J 61 J C^UJJ ill J 73 J tpJ&J ill ^ 92 ojJii ASlkU 
oJ jjl ^_i_9 ^ JaJLs A_j jJaJ C*-~J j-oUill oJ_Aj .^L>-jJU AJiil 

^ (LJll! ^i) v^L^aJl ^jJcJl o^LpI ^^2^ eJJu C^UI 
£UaS ^ ill ^ 87 JL^ JJ) ai ^ 35 Ji ai ^ 31 *jJb* 
iill J* 55 Jliill ^ 48j Cf^bu (i^L^+XJl i^L^Jl 
.^U-jU ill ^ 45j c ^j^L>tilJ 
iL^j ^3 l^SiSLaj -L*j iJ j^^IjaII SjJjjJl <ila>t>s ^jjJJ -Up I ISJj 
^ j_aj S^LJL aJLL*jl<>JI iSUaJl oliLLI 0 I 3 t ^I-\j^jLw*»^L! ^-ajJl La j^p 
JLajJ jL iJj'yi oljLj-Ub/l 0-^c-U 5 jl j j-^*“l ® j-° l ^ 1 > q/ 9 a>c-) 

O^La O^a-UxX^I l^i -U»- J j|j-i>-> A.*/g.i.>- i--%wo-*iJl L*^L>tlJ AjUaJl 

tipLvaJi oL^j-Jl ^ aJISLJI jJz oLLJJ i^joj .La^jjJJ ^U-a 

. Lvk>l ^-oL-Jl l-L^J ^L-yg-flj J— l^cj Lx^^-a ^-1 AjL^ 

C io jyg:S jj 0 jjj AiaPx-a ^lu)/ . !-U>- -XA*-a 0 jjj5Lll -Lw-%^1 ^jU l) jl 

-\_i-J cl) ^-^Jl -Uw-»^S , I ^^^Lj o-UJi L)Li c ^UJl La^I ^ Lg_jlj 
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I c LjjjjI ^3 ,oLjLw»^>cJI ^3 d)l <« *->e_> 

i— aIx^cj (1)1 (j^j^^Jl taLw^S"! ^^liLl o 

.(16 g/kWh jj^p yJl J^UL* 442 g/kWh j_^p IjlJj_a) 27.6 
^LJI £-51 j-a (1 ) j-^j l» lj.iL) A_)J <*Lww>- l oJuljJLoJl A-%-«JLxJl OjL>cjJlj 
t L^v 2-*-> (j- 5 ^-O ^5 oUx^Jl J i oLj^oJlj C .ilj-oJl p.Jg.^o 

^HJI ^Ul ^ Jl J-JI 

.1 (1) 'XmmmS'I ^jIj <l)jl cJ j>" d^Vlj 

^j-sj A-w>Oj_ojJl A_)jL)L>Jl <1)15 t <LjL>cJl <U_*»L*^'y I k-_5jj_lfi_U La3j 
j^SLSl Jl^I ^LiJ <jL ^ JjJI^JIj LJLJl 

ib- jJ (L^^ajJ iJ j_^2jJ ji SjJii A_kj*^J 26,805 kg/kW p ) 

^i->c-oJl I j ^Juj! (_5^ A-o j-iJl ojdJsJl Cjlla_>c-a ^Ll» j 

A-2> j_ 9 ojw\_S Cj L k>c->Ow> 4_l_v2JLoJl j-^ djl-lJ j_oJ 

^ ^ 2 ^::llj ^Lo^AJj .Sjj_LJl <l)j_^J_**Jl a^jJl> 

(O <Lww%wo_aa* L^U- ^Jl o JJJL^vwoJl oj-LaJI C^lJg->6-^ <1)15 c LoLj! 
! Ju™5l i >J CjIjJlaJI l^J ojjJlJI 

.o jjJJI iol^Sfl a^L 7,792 kg/kWp JjU* 8,677 kg/kW p 

c_ij ^JaJ liij ! (1) jjj^sJl ojL>tJ ^LL~j>Jl oJ-A JiJj 

l^jJLti) LJLJl ^ ^l2J)fl Jlidl J™. Jlp ^ ^JUJI 

c r ^i!lj (0.56 kg/kWh i*JUl jj^SLSl Ju^sl J\S J L~J aJUJI 
^ylj ^ l-b>- l^JwLij) Jjjl ^Jl ^5 jl!L 

^Lt! iwJLx > ■ Jl (S^Ji Lojj A^o j j-a 11 J^JaJ d)U t(d)^j^^Jl 
.(Jlj^Vl I^I) -1009 kg/kW p :U,j j^^Jl 

o^LpJ A ■>,/? >cJ aJ JJLx^a oUl jJLsLj L^jL^mJ>- oULJl j 

,(^Jj>c-<>JI ^bo^/l k3s) j»UJl j-oJl j (a^JI ^ 25) 

^L>Jl j***j*\ (J^>- (1)1 <l)jl ^^1^9 
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(J j3 y» 

J-H> cy ^y.j^ Ar~^ J 1 ^ o^~ Lp y~^' iy A>b 
t 4_3 LvS>| CjUI j-5^} C~vi j-lil JLii t 4-0 J yg : 1 J_«J| ojJL«Jl CjI Ja a*-a 
£®jJl ^ tl^JlS'U^j 

caL^JI oli SjjSL^IIj ii>Jj > Jlj ci^ajl J^ljpJl £^>- jLzpVI 
J^L>- j-a j— S’ **->■ l ^ */g i >■ i jS^ou jg : lg >^Jl cjUJJ jJ Lo-S* 

Aj ^_ v2— Jl A_*-wJa_Jl C A_^i_^_*_l! (1)1-® 

aJa>c-<J Jlj4&\ j-o-!l qA JjyL** I^jL »/gl ^3 1 pj i3 ( AjjI ^>J lj 

.Aoj-yaJjiJl ojJiJl 

L^jLJJ j-o j*J ^jJajJl oL-^ji 

! a\5j>\ ’{Sy^^jj cLJLoJlj t LJl y^\ a^L>»*J1 oL^LaSI 

I Jjil jiJl (J^J>- yo 4>,(gi> JJLdl 

i-«3 Ajj_vaJl oL 5 ^Jl j^JaJj t jLwv^SsJ'^! I o^LoIa_^J 
Sjl jj>- Aj>-j3 ^j/9 A >-j . AJLoJl ^3 4 i ^Jlj_>c_> f-ljj_^_^_LJ j_*^l J-JjJ 
a-JL*JI ajj! jj>Jl oL^-wvJl a I? *^1 j_> <Lj j-aJI oIjJ j_oJJ I 

L5* ^ ^ 1* ° CS^j4^' L^i CPji (^UJl (jlj^) 

oJlpUJI JIJl^l^I jl i tdUS ^1 AiL^I . a_l<J1 ^ 12 ^1 a_l*JI 
oLaAjj O^LoJl ^^3 ( j l /i?ab>~ ^\ P-UJl d)ljj>cj AjJlJlaJI A- 

^m2j jJcyg^/l jJj-oJl jU C A_^vojJ 3j3j-oJl I^Jj .a!L^J| 

c ^bot>U A3 UaJ I oLJJal^j o^Lo-U ^ 4 ^JJ 

Ojj3 pLXjI ^3 (1) ^j/9A>- A-Jl^)| yo Jb^J ^JLJLj 
. Ao j ja!I ojJlaII olkgx-<J oL>Jl 
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jJjjS* 
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W-m" 2 jUJ) **id> 

Win 2 j»Ji v-iiliJ) 2 jU. V^V 1 

W-m' 2 ijjLliiVi a^yi 

W-m 2 i jJbJ 

w-m" 2 aiis j; iw j> acLuiyi 

Sjiiij) -L^ajjj^i) a.jj ji jjSJ— 

(SiJl ^ 99,99999 

aiu jj >j 

( ■ y jjiS jl 1 JA* -. * i l'ti. . 1 

i '.-» JJe. 

AjjUoli AaIojLaII 

m s" (9.8067 m s") a^jVi a^UJi ii*» 

w-m 2 (^j^i ju-!i) ^ujjh 


W-m" 2 -K" 1 


% 


.uc. 

(6.626*10" M J s) 

jiiiVi J UU. 
(^i Jti) g^jVl 

A i>. 

wA* 11 

(/tf =0.1 1 ,^) _&) J^jS* ilU jLfi 

iuJt JjS 

sjja a=5s Ak. juii 


SjSb jM 

(X> 800 nm) .1 j-JI ^ 


ajjsji u—jji 
(1. 3807x10"” J-K ') 

( jliliVI J.U.) ^ _>J jL»£JJl JaUaI »> 11 


£ 

£o 

£,„ r 

EG-Si 

ERZ 

EVA 

FF 

FZ 

C 

G 

GaAs 

Ge 

Gr 

h 

h 

h 

HR 


H* 

He 

la 


IR 

k 

k 

k 
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kW h (AEE) i-a jU yujl uJuikL. KEA 

kW h (A EC) C«£l >» ttUi K.EV 

Jjjlill >3* K.OH 

( 11=1 dm') (■ >;-o I = _> 1 ! I J _jU I 

m j^-ll J>ll 

UjJiidl J> L 

el^ll * J JJaj LCA 

(multi- or poly-crystalline Si) s jjUl (poly-Si) me -Si 

ijjlili io. jiii j , ' i ,, . ' I MG-Si 


s>» 

,_j a>SI iijj 


(mono- or single- crystal line s jjU ^jU.i 

Si) 

J >tf jDLAl JiCAJI i3UI jUi- 
JL&W J.U. 
j 5iUl >>l JL&Vl J.U- 
'jLojl Jujll >&yi J*U* 

J ji.jl Au jl ^ J^lt J-U- 


(NOCT J 


<«■ = 1 m/s ‘E = 800 W/m 2 ) V-Vl JaUSB 

ijiiji juLAaii i j ^ c».jj 

Ca. .jjiail S jSljll 

(1.013x10'’ K K' 2 ) ^VI-UjJ 
^ jljaJ jfctf a>0 
i>» 


w 


ysj ^ i >» 


MP 

MPP 

MPPT 


(sc-Si) m-Si 


MWS 


«2 

N 

NEC 

NOC 

NOCT 

Nu 

OC 

P 

Po 

P 

P,, 
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w 


J— II i'.^-.ll ...'■■I I II }j^ 

u-*** ■“* z J® £> *^*) V**“VI ejji# 

(iijU-Jt 


C 

W-s 

W 

W 

W 

W 

W 

W 


^U*j£ll ai^L. 

u^yyjj* 

(Plexiglas) ^jSSfi £ Wj* 
(Tenon a*a>) ^1 jJU ^ jJJ)N 
oAh jjhIm* 

vW» ^ Jjjjlfl 
JW» ^ J,jjli» 
(1.6022*10"'“ A-s) jjJSHyifc^ 

ij jaJl V s 

d«» 

if J J*»Aj if j 1 j»J 

f J _y»J j' jaJi jail' 

& u^V4 J4i* 

i.jkxJi ^Sii ^ J ^Ji jiift 

^ilkJ wjiUJI (JSi ^ J jaJl JfciiS 
uJS^MI J-bu. 


a ;.bs' , — aji ‘ J^U-a 

ft ijjbj^Sil 5-ajliall 

v-^vi 

Lpjat SJ^UJI i^jbu aj.J<-iy> 
y SjUII j x JAJ j* J-Ull j=J 1 -uJiaVl 


ij'j-.ii a i,i..yti a ; K.'.sfi 


P„,„ 

P„ 

Pr 

PC 

PE 

PMMA 

PTFE 

PP 

PV 

PVC 

PVF 

<7 

Q 

Q 

Qfi 

Q.« 

Gw 

(?/■• 

ft 


« 

/? 

Ro 

Rxy 

R t 

R ± 
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(Ra = Gr.Pr) j*. 

jj -.'1 


JjSJ- 

Lji- .AM 1 .5 <£• = 1000 W/m 2 . = 25 °C) ^i!l 

far* 

AjjU*-all IfJ .* 't -■ ! . ■ I _ / i^l 

h ^ 


<jj jUi i.u-..-n ijjud 

Cj W*]l AiUb'...^1 AjcUmaU ijjLiiSl 

K ; J jji i*j) 

K IiBVbII Jetldjll .Hjl 

K A^IaJI Jj i*jj 

K iAjWJ ^L.VI JlJl jJ~ 4>J* 

K Uj* 

K .UJI i 

k (r t - —i • jj* 

K I SSjU j* 

K {flc JSi) UjbiJ jJa~ >Jja. <f.ji 

K V^iJ! ^ilill viM jj- * J J*- V>» 

K jjuV' j»u»J ^ujij 

K ( j4-iVi Jiii) jWVi sjj- 

K' 1 (iijLit. iui) s Jj»J iijJ J.l«A 

fjil-j) j-jiStya ^ 

{u = Uq(kT)~ l ) (normalized) jjUJl j*aJl 


Ra 

RC 

Re 

SG-Si 

SC 

Si 

STC 

SRC 

T 

T x , 

IJ 

T i 

T 

T a 

Tc 


T c 

TiCh 
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V (I D = 0.1 I mm Jte) (^U j+t) is*. ^ 

V IjjiSl S S"'*' * '-i'l l h* 't^'l 

V A^ jiiull i jUd 

V ZSX^UnA^^VfaJJjSU 1 -** 

v (^1 fib Jc. y^ui usujl) alu **. 

V JiiiL j«Jl ^ J*U1 

V '. „n jjjjLil ^ .<.' 1 j ; -.i iL i j. ' Jr i i -;.ti 

nvs 1 £kJ *+>- 

STC ui,> d (Watt) cJ * E > 

+i>* J*> J] >3#«> J*S Jjt* ^jjSB i>iSU]l 

j (;*jLfrt) «ui 

^ ’ s . .* i ’ . .. ■ S '. '—^ .. . ^ ~ '\ JijjH ■. .. .< 1 
: -1 .■-. ijlks . 

( _J ■.'*-. » . v j \ i. \\ . ^4 ijlliS - j JJ-' **' ^j'lj 


WK"'m" 3 
W-K' , -m" 3 
WK '-m 2 

WK' , m' J 

WlT'-m' 2 


K' 1 


juaan j-u- 

^>-1* J^Vi J* 1 " 

jJj±i J*»J JUiiVl JJ- 

^.uVi v^UJl (fc+nc) ^Jjti JBtfi JaUa 

<>US vM (fc+nc) Jiavi iW« 

a . jfc.-..n 

( JUwJl _>* tjl jajV') '1 ia«a51 AjjI j 
vM) J>~Jk »U3VI 

Aj^U*JI » _£3l A*al^l' P a UtiU .'unj AjjI j 

ildl JuUn 

Anajiiial £-tf> jl Sj jl j 


U D 

u„ t , 

U m 


U„. 2S f 


l/« 

P 

w p 

WR 

O' 

ZnO 

ZnS 


<¥ 

«»■ 


«.w 

«i 

P 


Vm 
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0 u-a fcliijVl Sj'j 

asiji jLsa ,> ^usjVi v'j 

„ - ^j> j) u-a >s *a V J» 

(”0.54° 

{*|>-J ^ 4-Ai J) ei— 1 yi*4f 

;. ^>ji jv ajjijji VMn 
F-m'' ( 0 = 8.85xlO‘ , -F m‘ l )£ljill VI— 

F-m' 1 ( = ,-t 2 )JjU^ 


Ns -m 2 


°C 

°C 

°c 

°c 

°c 


W-JO'-m"' 


jy_V' *»i*£ 

• *i A >< ■ J 'sv^l jiM 

(V-j V- vW J! V^W) v>'j 

jUS?yi hj j 

j 4c ; UU la^LJI <Jj^J 

(jlLj^'il =Sfj'3 ji) (Brewster) ji-jjjj sjV j 
-V*S J^jli s v Vp 
j* j® e* - 1 — J 1 »jV j— 
L^!l J—jU jj—at i jij=Ji Vp 
V-Ji Vs* SjV — V 


*VJ' * jj» 

JjU 


kg-m"' *lj*Jl 4its& 

kg - 111 ‘ I Ttk** ^ jam* 

/ :; ; lu 

I iiiu 3jkyi <wAS»jni 

J7J j /J j ji'iS ill 4 i. jlCa |\ I 


ys 


4 


<7 


ft*, 

ft, 

r(t) 


P 


Pi) 


Pi 

A 

p»» 


327 


/ J.1S1 

j } i ,>0^' 4 _>—JI ij-lS-iVt 


k 


J i jujj^ ^ja ^jj&aII J~;.\ ^Ua^U AjL^IaN Al.^K- iMi 

k 


W m 2 K 4 (5.670x10 * W-m 


4 j ’Us» 
j Ai.lH A . :.'| 

3 J 2 3 1 '-ii^ iai j. Jj&Ji j.ikiii uUili 


Pik 


riy 


I JA ^ ^Ikiil J >;i s-U^ll ijUJ 

TfJ 

A y j y i £ jl ^ ^ .Ja&JI fllaiil ZijlijR T, ;k 

k j i jf~;j‘ O* ujS- 1' fUull ijlit J f I(f 


i,LJ| j jjl JUJ Aii. ]| 

i^Jl j jS~. ^ JL»J **i* X 

-VjU- ^ , Jlli j-u-SJI .> .'’at ^ .W ^ M 

^ jr jaiiJl vu<Jl j-aU-i l*a jjS J* -r*J& 

"y JjI jijj S-Ji, ,y“ IjUJL Jib JJ ijLSf\ 

■C j 


328 


J jlJL>Jl2-12 

aSILJI ^LS : (1-!) JjJbJI 





0,7 1 10 9 X7,00 8141 

1 1,4286 10 9 X10,0 11630 


10 9 x29,31 

10 9 x41,87 


10 6 x 27,78 t SKE 1 = 

10 6 x39,69 TOE 1 = 


: (si) ^ JjjJI f UiJ! J ^ ^11 old*- jJl 


: AdlkJ! jia; 

W/m2 = 0.317 Btu/(hl langley (ly) = 1 cal/cm2 = 3.687 Btu/ft2 1 

i jJJ S3 ^Jli oJ-J-j U-^2Ji I (2 — 1 ) 

l 
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1250 
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3,60 31UI ifelfU 
KWh 

byj kg 1 


iiUaJl kWh 1 JlJ '_jjJ Jl JL- T1 oUl*_Jl ! (3 — 1 ) JjjLTcJl 

Cfrjl 1 C02 C02 £>— * 3 - kji >Lj-: >^ J j- 1 " **/> 2 j-M t? 

kg/) jjiUSI (kg/kWh) 1 SjJ 5 II (kg/kWh) (kWh 


1,0499 0,9177 


0,0001 0,781 

0,365 jl 


0,040 0,036 
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0,298 



(CdTe, CIS) 


aL]) 1992 

JojJii- J JL-p JUp! JjJ» ^ - 

jliJJ pj i_— jLj*yt 

^ j.'* , c3j-® ^ 50 jj-Uj j olL.^ ^xiij <]g - 1 ^-IjjJI oLp j— , — 

jll Jl S_» JL ^ ^ j ^ jb-ol 10 jj_p j 2003 Kaltschmitt 2003 Jl 

.LjjjI Ja*-j *_»j Sliuto Kaltschmitt 1995, 2003J — 

ijV jll Ujjjli. Jl N20 j CH4 ^ i^A\ OUS^I J Jjj. Ijylsai C02 ^Lj- - 
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: ^ hJV jl) 01 it-*-) (2-0 JjJL>JU U ij ii-iJJ! _^itd 


SjjJLJI aJbd.! j jiLL-JU 1995 

: LT* CIS J CdTe ^ J£!j ‘5 

iSUaJI t. 


- oU >■ j . (N20 = 44 g/mol t CH4 = 16 g/mol t g/mol 

0.0000072 kg/kWh l CH4 = 0.000432 kg/kWh : (mc-Si) 

. N20 = 0.0000012 kg/kWh l CH4 = 0.000072 kg/kWh 

4j^La 1?I olplki ^ JiUaJI SJui ! (4-1) 

oj) *kLa 45(1 


mg) 1995) Spring 

ze [et al.])) >Jj 


•'jW> 


LkaJI iSpreng) 1995) Spring 
t^USVI Schulze [et al.])) . 


-AJ» 


ol^l c.sajjJi isCjisUI 

t a .,/? llj ii-L «_aj 


A, 


i jj-LL—JI 


VjjH * 


oL^I 


iLi-l SjU£ 
SjU£ 

dK_JI 

5^1 dlSOJI j jyl jll 


€/mj 

:oUjSaij tsy% toUcslI 

WJf 

illwSlIj toUUIl 

31,5 Oja jj) 

(^1 jUR, ciillj 


tja g-) iNjAIIj ajJ-I 

(JUR 


AtUjJl ApL^J 

.Till.. -'I j 55f ^lij] 


W *->' 

J-SUiiJl olylkJl £pL/j 
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^Ucs-i/i glfcait & 
Ju-u! 30, 


2) $yij t Spreng 


95) Spring : «s.i j.0 
€/MJ 
o-slu^sllj JijJI 

Jill JSL-J 


^SUI ,0 0 


j&j ‘v<»% *f>n 
«#jW vM* y^ll 


^Us-Vt ^Vl 
(gJl ■■ • JjOl j-JJI) dltK. oj* y ol JJ- 



<w J)IS. ejl jaJlj JL*J :L|jUll o j5ill <(1~1) J£**ll 

.(1996 (Heinloth) .iijljj* _>J') 
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a,bl993 
1995 £jL 


jjkpxji jI yi SSUaJl oLiiaio : (5-1) J_$-b»dl 
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1998 OjJ 


1993 



PEC)) 


113,9 3) ^63) f ^li 


2004 j_>i 20-12 iSj-JLS p_4ll 

(S,>l y) 

1998 oyj 51,0 j>\ »j 


0,855 oLJL-; iLtU 



<<> 



14,0 r *U £ k-j 
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1995 


1995 




oUL_; SJl_pU 79,2 


(u4-> 


1998 OjJ 




Wagner 

a 1995 


2004 jj* 
2004 


7,60 1998 jjJ 



EPS)) 


75,3 

75,0 

90,7 ojJLjjjJI ^J^L- 


(polyurethane) 


68,0 



ji aA\ ^ 20 j t ji ^80 j i La jjjJJ oL ^ 40 1) 

'O.j^ 

.La JJ iUca oL ^^a <ed.l ^3 40 2) 
.La JJ ^l>ca oL j&a <ed.l ^3 50 3) 
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LJ LJ! J oULp)II : (6-1) J^Ju^Jl 

(VDEW l Stromlhemen 4/97 . 


2,81 4,72 4,54 (€) JJX 5jJJU 

36 t 000 84 1 000 JL*Sfl *4 p 

77 1 947 54 1 048 <€> JSU 5^ Jfl ilWVI 

0,063 0,051 (€) jjjJI SjJji. kWh JS3 ilUVI 

J! J*jbcdl) 142,86 t/€ :3JUl iJUVlj *183,67 t/€ : jllS)! *^iJI iilSL' 

kWh/t = 8i287 : ijl >! isliiJIj t (40,82 t/€ J.UJ! ^ 

.(0,33 :5jJ jdl ^Uj^SOi S^lisat) kWh/t 2i756 lUU^I *ilU -iJjJj < 29,761 MJ/t 

2004 (.U LJLJl ^ S^SL^JI o UaJl J_Jy oU jX. : (7-!) J 

jJjJI uLUl £jl iVDEW) 2005) 4^X11 SJllSlI 

|4^J! SJLkJ jlftl ju+jitj 
(DEWI) 2005) 

(ai ^ *_j (kwh oji,) 

158,4 ijjJI SjJjJI 

O-iiJJl j»J>ci 

<£*•* 1 r ^ 1 

jUIl 

(ii j»-t> Jjd j ) S4UI VjII 
2-SlU Sj-Ull 

eU» **»* 

5yJ4 *lsS31 
tS>l 

iMWp 708 :2004 fl* ^ Uttf ^ 1 <■■■*•.■; ^sJl 1U_J! Jk-I 

. MWp 16 1 629 

olilkJ! cu^L- «, 2005 j»U 4 Jl (2006 /I. LA <bmu) 5lU4 oUUI _ r AJ 

:uttlj cidl ^ 4,3 jUSlI ^sL^syi Id! ^ 10,2 L~j^ iao^sLI 

4 (Idl 2,2 : oUULIj L^J-I iJLSJIj tiill J, 0,2 <.idl J> 3,5 

.(_5 83 jljlifl-) -k— «51 oIjIa-jI , ~ . .2, !■>. <(, 
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JU jl-^1 JU oL'UJ ! J ^ UaJ * : (8-!) J 

4pl*aJl 



1994 Frischknecht D HI j 100 0,063 0,84 0,04 0,48 i • ■ ~ l i 


1996 Frischknecht 
1994 Frischknecht 

1996 Frischknecht 


1998 OjJ 




1996 Frischknecht D HI j 100 0,20716 

1994 Frischknecht D HI j 100 0,3496 


1996 Frischknecht 


D ai J 100 0,3458 


0,844 0,0365 0,51 

1,39 0,556 0,48 U*b<. SSL. 

0,956 0,104 0,319 



340 



5,40 


1,07 Jlj- 


65,1 



.^S\j kg/ 1.4 100 J 1994 


1998 ojlJ 

.iLaLi Sjjlla 1) 
cjULu t LjjjI i_j X 2 ) 


.(pjj 54! ^ 100 ^ SjSllJI SiU) jli jiXS 3) 
LjJlp pj ^1 oULJU 'Oy.jXl\ jtf cu-4^1 JloJ 

: 1994 c^SLi jJ 

ijijJ! 1 j 1 kg C02/kWh 0,3 lijijJlj 4 (LJlil) kg C02/kWh 0,53 : tLj^SCJI 

kg C02/kWh (Wagner, 1996). 0,23 1 (o _^Lo j-e islla) ^ylkJI 

2i^_g4L_-l 1993 j-jlo iCSjjJaiil £A Jb 40) J_^U* oli jX 18 iis-liU 

4 km 600 4 000 jJUl ^jJl Uj*p j!>U- GJ 399,3 0J Ai (aec p ) gbJJiU i*5! iili 
4-Uk.j 4 Lil) JalUj ^ GJ 497 J JjiJJl ijij y GJ 14 4 400 y> 

.(aeeo) GM ji j 
v,JjjU G = 
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4; (jJjjU. gi = 

Gu = 

jli^ J+Uj Gc = 

b K = 
JjjjJI ijij D = 

J~*7 E = 


( _ S 2 ? 2*JI JL-iJl J\ Lr ~kJUJl JL-iJl ol : (19-!) J >1^1 




(^ytM Jas- tJjJaJI Jas-) ^5jll 


JuX\ JUiil 



52«30' N) 4’ E22 13) ^ 
17*42’ S) 4’ El 31) 

34*4’ N) 4’ W14 118) 




S-Jl J ’1,2 ’53 5 39*54' N) 4’ E20 116) 

i-JI J ’3,1+ ’45 18+ 33*52' S) 4’ E12 151) JJ-. 

ollLJI oJla + Lr ~_kJj.l tijIjJI .l/Nl = ^4-aJ-l oLj£NI 

j~jjj lb\jiy>- igrf) 2000) (tjjJJI ^ ...j la '. JUJ.D) cjULj J22 — 7 

IAGA) (International) ^jSlI (.j-LJ iJjjJI J4i (j-* 4_aJ_aU 4 2001 

: £>- jll .81 jvi J 444 j--+s5 4 V 4 (Association of Geo-sciences and Aeronomy 


. Campbell) 1997) 


aJ 3 ijJxJI oUotmJ SjLJI ol. Ui' .a : (. >9—1) JjJjJI 


(t/MWp) Salil ^ 


a-Si 

1919,8 


1192,9 

285,3 

16,3 
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> V H 


fsrjA JljiSf (n) jL- 5^1 o}L«l~ : (10-1) JjiJu-Jl 

T = 20-25 C e j 

Cf^> 1 nm ^c w» 

(Flachglas) 1989 


400 (EVA (Elvax 

A-9918 0jAs<ai)l aJ^p Jju aSIS ^J l 
C) 149 .Up £L» 20 SJd) 
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OjSLL- 


CRC 1994 
Palik) 1985) JJlJL 


1985 JJlJL 


1985 JJlJL 


<uLL>w (A.) y> Jl^kl JLp (a) O^Aobw : (11 — 1) J_$-L>dl 

T = 25 C Q J 




a 

/. 

d 



T 

(m 1 ) 

(m) 


UUil 


0.912 

1.22 

400 




0.917 

0.456 

550 




0.914 

1.96 

700 


(Optiwhite) 

1989 (Flachglas) 


(CGS) 


0.911 

4.38 

850 




0.910 

5.31 

1000 




0.787 

323.20 

390 




0.918 

26.15 

543 


(Elvax 150) EVA 


0.923 

23.65 

705 

0.5 

A-9918 cji-aS joiSUj* 

1991 (Gueris) 

0.923 

25.20 

831 


(149 °C «lu 20 i.i*i) 


0.925 

25.75 

1026 
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4<? ; lgo.H clLw : (12-1) 


(mm) ijj_^ailjiSl ^L^J\ •> . i«l ->n ij^ll .iUu 


ew» 

Si 

TiCh 

EVA 

e^J 


1981 (Hoelscher) 

0.305 

0.75 |im 

0.91 

4.75 

Solarcx IV 

1991 (Siemens) 

0.450 

0.75 )im 

0.5 

3.00 

SM 55 

jS LLS 

(Telcfunkcn) 

199! 

0.350 

0.75 (im 

0.5 

2.00 

PQ 40/50 

(mm) ^UJI jljJl -iU- 



M- 

(Tedlar) 

JiJ 

5»4-j 

EVA 


jjij* 

1981 (Hoelscher) 

0 

0.1 

"0.13 

0.457 

Solarcx IV 

1991 yi*. 
(Palmer) jJl, 
1992 

0 

t'o.iso 

0 

0.5 

SM 55 

jS^ 

(Telefunken) 

1991 

2 

0 

0 

0.5 

PQ 40/50 


-W 0.457 mm ^ i**aa (EVA) ^ e- 41 

.(37.5 fim) jUu- (75 jun) jla#- (37.5 |im) jLiumLdd** 
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L»JaJ!>U i~>-i j_«J ( k ) <jj\ j ->* Jl 5_J_v? j_«Jl : (13-1) 



k 

T 



(W-m-'K- 1 ) 

<°C) 

SjUI 


2005 CRC 

191 

-23 


2005 CRC 

148 

27 

JAW 

2005 CRC 

119 

77 


2005 CRC 

74.9 

-23 


2005 CRC 

59.9 

27 


2005 CRC 

49.5 

77 



54 


GaAs 

1980 (Heywang/Muller) 




1994 CRC 

140 

0 

SiOj 

1994 CRC 

160 

100 


1994 CRC 

17 

200 

ZnO 

1994 CRC 

36 

100 

MgO 

1994 CRC 

6.5 

100 

TiOi 

1994 CRC 

13 

0 


ii**J&l*jM* 

12.6 

36 

Ti0 2 

(Crawford/Carson) 

<s jji# *WV sjM 


13.8 

67 


1994 CRC 

9 

0 

TiOj 


8.8 

44 




jjijljS 

7.1 

67 


.. i.aiKi ,jK.> 

1985 (Garcia) U-jU. 

1.00 


(ASG 13.80) £ l*j 

1995 (Ruchling) giljS 

0.78 

20 

Jj-all £ W-j 

1 995 (Kuchling) gilijS 

1.07 

20 


1995 (Kuchling) gASjS 

0.81 

20 

£ Wj 
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k 

T 



(W-nr'K-') 

ro 

tjldi 

(Bear [et al.]) jj>'j j# 

ms 

1.40 

20 

AM* 

1985 (Garcia) 

0.35 


EVA 

(■^.Kr 3 ) o^jiy* 

0.3461 

20 

Elvax 150 

1991 Gueris(Du Pom) 

1991 (■iSjos) iMjvt- 

0.3375 

20 

Elvax 450 

1990 (Wackcr) js, 

0.2 

20 

(Semicosi! 912) 

1994 CRC 

0.06 

20 

(PU) ijtj 

1994 (Hornbogen) 

0.5 


jAnA* 

1994 (Bear et al.) j» 

0.35 

20 

1995 (Bear et al.) 

0.184 

20 

Plexiglas) PMMA 





1994 (Hornbogen) ,>>s jj» 

0.24 


(o>4> PTFE 

(Bear (et al.]) Jj>'j jh 
1994 

0.29 

20 

(Polyamide) W 

1985 (Garcia) 

0.167 


(Tcdlar) jIju 


1994 CRC 

235 

-23 


2004 (Khartchenko) 

202 

(20) 

f jj»J 

1994 CRC 

237 

27 


1994 CRC 

240 

77 


1994 CRC 

406 

-23 


2004 (Khartchenko) 

385 

(20) 


1994 CRC 

401 

27 


1994 CRC 

396 

77 


2004 (Khartchenko) 

55 

(20) 


(Mende/Simon) 

1981 

47 

20 

■Si* 
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k 

T 



(Wnf'K" 1 ) 

(°C) 

SjUII 

2004 (Khartchenko) jU. 

45 

(20) 


2005 CRC 
2005 CRC 

14 

16 

0 

100 

l.Wali 2 W jS 

{Bear [et al.]) jj>ij j* 

15 

20 

Cr-Ni 3 fi fi 

1994 

(X12CrNil8.8) 

(Bear [et al.]) Jj>ij jn 
1995 

25 

20 

(X8Crl7) Crilji 

{Bear [et al.]) j jn 

1995 

121 

20 


(Bear [et al.]) j* 

1995 

67 

20 


1993 (Stacker) jSA 
2004 (Khartchenko) A; .is yU. 

1.45 

1 .73-0.8 

20 

(20) 


2005 CRC 

2.2 

0 

2 s 

2004 (Khartchenko) jl± 

2.9- 1.7 

(20) 


{Bear [et al.]) jj>5 y j# 
1994 

2.90 

20 

441j*. 

{Bear [et al.]) Jj>3j j» 
1994 

2.80 

20 


{Bear [et a).]) jj>3 j ju 
1994 

0.51 

20 


2005 CRC 

0.06 

20 


1993 (Stocker) A*- 

0.17 

20 

0 I jll 


0.14 

20 

:>j4i 


0.5610 

0 


1994 CRC 

0.6071 

25 

«U 


0.6435 

50 



0.02454 

0 


2005 (Gieck) 4* 

0.0260 

20 

(-M .1j* 


0.0320 

100 



k 

T 


1 

(W-m ’K ') 

(°C) 

SjUII 
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(A,) 4>j\jp*}\ : (14-1) 



J.U." 









£*J** 

(W/mV) (nm) 

c 

<°C) 

tlUH 

1990 (Holman) o^j* 


0.95 

0 


1990 (Holman) jui> 


0.96 

100 


1987 (Weast) 


0.94 

20 


1990 (Holman) oUj. 


0.94 

22 


1967 (Touloukian) 

1995 (Kuch ling) gl4S£ 


0.81 

0.88 

34 

90 


1987 (Weast) 


0.91 

100 


1967 (Touloukian) 


0.82 

no 


1995 {Kuch ling) 

0.30 

0.04 

20 

(Jl*--) ,*iJ 

(Mende [et al.]) oj>i > jjih 
1981 

0.4, 

0.06 

20 


1995 (Kuchling)e«Uj& 
1987 (Weasi) 


0.30 

0.11 

20 

200 

(•>-4V) 

1990 (Holman) oUV 


0.07 

,00 

iVji 

(Jji-) 

1990 (Holman) oulj* 


0.60 

25 

i f ji. a ji 

1987 (Weast) 


0.08 

100 

(■=**) IV ji 

1987 (Weast) ^ 


0.82 

20 

(JJS >4) iVji 

1987 (Weast) ^ 


0.88 

50 


1987 (Weast) ^ 


0.11 

20 


1987 (Weast) 

1987 (Weast) i-u 


0.05 

0.06 

25 


1 990 (Holman) 


0.23 

28 

•ilij 

2004 (Khaitchenko) jSysj.A 


0.76 




349 





(W/nrK 4 

) 

(nm) 


ro 

SiUl 

2004 (Khartchenko) js-esju 



0.03 


(jj*— i 

1987 (Weast) ^ 



0.02 

100 


1986 (Sala) vu. 


10.00 

0 

0.82 

1.400 








1986 (Sala) yl. 


15.00 

0 

0.89 

1.400 


1987 (Weast) i*,, 


550 

0.15 


Jlij« 

1986 (Sala) yl. 


100 

0.79 

1.000 


1986 (Sala) yl. 


200 

0.51 

1,000 

oAk- 

1995 (Khartchenko) 

557 


0.95 









1990 (Holman) jUj* 



0.91 

21 

(felt) ^ss- jQ 

1981 



0.93 

20 


2004 (Khartchenko) jsysjU 



0.93 


(jlii) ^jS 

2004 (Khartchenko) , 



0.97-0.88 


W~> 

199S (Khartchenko) jSaiijU. 

5.16 


0.91 


t#A") 

1982 (Kuchling) .jLiijS 



0.80 

20 

c^tijjjSlI ini. 

2004 (Khartchenko) jsysjU. 



0.97-0.95 



199; (Kuchling) 



0.90 

20 

J LLA, 

2004 (Khartchenko) 

5.67 


1.0 

w 



Ui U— J .199$ (Khartchenko) jS^SjU jnjjs i*, ^u_ji sL~ - £ u5)’i jj*.- JJ* ^ ^ 
(100 *050 °C) >- 4 jj. j*a 
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(VDI 1994 iiij) : (15-1) JjJbJl 

v n k 

10 7 1 ff 10 ’ /} Cp !> T 

Pr (nr/s) (Pa s) (Win 'K ') (10 VK) (kJ kg ’K ') (kg/m } ) (°C) 

0.7179 135.2 17.24 24.18 3.674 1.006 1.275 0 

0.7163 144.2 17.74 24.94 3.543 1.007 1.230 10 

0.7148 IS3.S 18.24 25.69 3.421 1.007 1,188 20 

0.7134 163.0 18.72 26.43 3.307 1,007 1.149 30 

0.7122 172.6 19.20 27.16 3.200 1.007 1.112 40 

0.7100 192.7 20.14 28.60 3.007 1.009 1 045 60 

0.7083 213.5 21.05 30.01 2.836 1.010 0.9859 80 

0.707 235.1 21.94 31.39 2.683 1.012 0.9329 100 

iiUuJI l yUJ! iytsfl j ^1 : (16-1) JjJbjJl 

AillaJl Ojlj* 












iiij kg/kW 

Uij kg/kW 

is, kg/kW 

is, kg/kW 


--.'.x.t.jil 





1996 

1996 

1996 

1997 


(500 kW) 

(500 kW) 

(500 kW) 

(2.5 kW) 


2.16 

7.39 

0.11 

3.60 

iVji 

0.02 

0.00 

0.61 

4.16 


0.12 

20.80 

0.32 

2.24 


0.00 

0.00 

0.00 


jjSjll- 

0.00 

0.00 

0.21 

0.08 


0.13 

3.62 

0.22 

0.12 

PE 

0.00 

0.00 

0.04 


pp 

0.00 

0.00 

0.06 

0.04 

PVC 

0.02 

0.00 

0.00 


jS«». 

0.00 

2.50 

0.00 



0.14 

0.35 

0.09 



2.60 

36.40 

1.62 

10.24 
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o“>k»-*-U “J— » Jl i_i j^a . Jl jin— I ! (17—1) JjJjJI 
jVjaJ! Jl (DM) jUSfl iijLJlj (€) jj_JI J* 5jucl~JI oULJl 
JJ ^ hj^, oLk^jia) 2005 fU Jl 1975 fU ^ (US$) jjJVl 
Oj-^Jlj (American Federal Bank) ^£j^S I t^ib^JVl Jl 

((Federal Reserve Bank of New York) £S JoL^-Vl 


USS JSl € j*- 


(i^>- 


(0.7383) 

1995 

(0.7696) 

1996 

(0.8870) 

1997 

(0.8997) 

1998 

0.9387 

1999 

1.0835 

2000 

1.1171 

2001 

1.0578 

2002 

0.8833 

2003 

0.8040 

2004 

0.8253 

2005 


=j* 1998/12/31 ii.^1511 

1.95583 DM = 1 € 
j*- Jl ^ ob-j» cw r# 
^ufji jsjlji Jji. (US$) ^j-V' jV^Ji 
•( k *»*s w) (DM) 


USS JSl DM ju. 



HiJI 

2.447 

1975 

2.538 

1976 

2.342 

1977 

2.031 

1978 

1.845 

1979 

1.798 

1980 

2.237 

1981 

2.415 

1982 

2.527 

1983 

2.819 

1984 

2.994 

1985 

2.215 

1986 

1.827 

1987 

1.746 

1988 

1.881 

1989 

1.636 

1990 

1.653 

1991 

1.561 

1992 

1.643 

1993 

1.633 

1994 

1.444 

1995 

1.541 

1996 

1.735 

1997 

1.760 

1998 
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-L— ~S1 ^tj iillaJl oLiklo ; (18— I) 


COl 

Jj»> 

(3.27) 

(2.29) 

(0.94) 

(2.73) 

((2-1) liij kg/kg 

138.8 

2.2 kg 

5 kg 

0 

55 kg 


572.0 kg 

5.5 kg 

19 kg 

0 

187 kg 


545.4 kg 

2.2 kg 

27 kg 

228 kg 

96 kg 
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IEC 8/ : L^jll a-Jj ‘ uJalVl '(19—1) 

(2000 



>> 

IEC j0~ 

d*s 

(^ l ) 

<*»-») 

:7-712 4>i - 

Jli.1 CjJ - J\Jj\ jt J CjUILIa 


IEC 60364-7-712 

;> s 



j-SL-ill JljzJI V jj j> 

iaui |-v 

3*jjS4i 

DIN EN 60891 
(1996-10) 

IEC 60891 
(1987-04) 

IEC 60891 >J 1 Js^ 


IEC 60891 -am I 
(1992-06) 

j-i— All iLU : 1 .>* 

DIN EN 60904-1 

IEC 60904-1 

JjaJ-jUa Sj~5l 

(1995-04) 

(1987-12) 

L5UJ1 --.lAL-.. :2 *>i ij^iVI 

DIN EN 60904-2 

IEC 60904-2 

v-~Afl 

(1995-04) 

(1989-05) 

IEC 60904-2 jUJl 1 


IEC 60904-2-am 1 
(1998-02) 

***&» ^ ■**_* i3 *>A 

A^Um} CJJjj ^4 Afyb jifl _jiSl 

DIN EN 60904-3 
(1995-04) 

IEC 60904-3 
(1989-02) 

Sj1j=JI 4*J :5 «>9 5>fSn 

yj>j CSjjdjili s (ECT) UsJi 

DIN EN 60904-5 
(1996-07) 

IEC 60904-5 
(1993-10) 

sliUjLjJl .*J JiVkta :6 * jaJ ; j^xV 1 

DIN EN 60904-6 

IEC 60904-6 


(1996-02) 

(1994-09) 

IEC 60904-6 jbJ 1 JhasSi 


IEC 60904-6-am I 
(1998-02) 

fjis Ila ;7 *>Ji i 


IEC 60904-7 

jl*aJ Jttill jjl>a 


(1998-03) 

^LiJ :8 «j=J ij^Vl 


IEC 60904-8 

y]l S^Lkll ^AaiJlfl 


(1998-02) 


354 






IEC 


<:9( jafl (ijlj^uljill a jjaVl 


iJB-KI ^ j>:10 « >fl >S S j«.Sri 


^ y i-HA ^0® A*-» ja y~» DIN EN (1 EC) 
cdAlj- 61173(1996-10) 

U3i» i-SUll Uj-aljiSI <Ji£U >>aall JJjJ EN (H ( ^_^ 

- 4*-> iajjlJi Jjj&jkJ «iA.^' Dl N EN 6 1 2 1 5 

^ ^ilt Jft <LLa«]lj S«lii ( 1 996- 1 0) 

- V-> * >» ^ fi ^ E DIN 1 EC (CO) 

oiAJjO 19(1989-10) 


- iSLkll l£U.j *U LjU>a 

u>aaill ijjla j Ua OUlua 
4i»5jll -Ijli ajhdjVl 4aj>3aj] Jill OU jlaiaSI 

^jAA iji jL — a jjiS - — 3 .'. J -^1 j- i -fc-'. l 


11 u»-*4»‘jri E DIN 1EC 1701 
iyi>— UjiS (1996-10) 


4ja yJ*A jHI n-3all 4_akj V ajjUall 4jal yijji L ■•• -' 

V-a J JjShll J Uj^ljill iajliiJ 4JJI 
(^jl jjM jj, iajlLJ ^ii) 
i^abiil iljLSJ - jill flkjSI ali iSj* 

J^lj.CaUUl J1U, 


ED1N1EC 1721 
(1996-10) 


4a*JgII V-aa*!! £-<5Uil v IjK' jijju 


1EC 60904-9 
(1995-09) 

I EC 60904-10 
(1998-10) 


IEC61173 
(1992-09) 
IEC 61 194 
(1992-12) 
IEC 61215 
(1993-04) 


IEC 61277 
(1995-03) 
IEC 61345 
(1998-02) 
IEC 61427 
(1999-11) 

IEC 61646 
(1996-11) 


IEC 61683 
(1999-11) 


IEC 61701 
(1995-03) 
IEC 61702 
(1995-03) 
IEC 61721 
(1995-03) 


IEC 61724 
(1998-11) 
IEC 61725 
(1997-05) 
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> i 1EC i~ 

u'W (^J‘) (M 


JP-^aIL Jaj . -- ^ A^lajSfl 

IEC 61727 


(1995-06) 

L-.till.-L, : 1 c>ll - >11 j-lkill C.X, Splii 

IEC 61730-1 

■ -il.lLr., j2 - ^‘j yti ^liiH i t li£ 

IEC 61730-2 

- SjjUl i>. ijSAvJ si^ >11 *4>-JI 

IEC 61829 


(1995-03) 

- «j..i..‘J i>>jS!>!l yUJI Uiii 

1EC6/TR2 61836 

W) 

(1997-10) 

■ -j.il 11 - 3 ; ..— Ml i/.j.-.-ljill yiu 3-L-l 

2 *>J - jj-jli j 

IEC 61836-2 

jig jLU » >aij am .. i,y„ni 

IEC 61853 

, j!*Jl J UiiSVI JU3C.1 j ojU^. £mU ijj 
.^',n yj£|| j - 

IEC 62078 


IEC 62108 

■<■-. s j 3iUJl ---i -<i-n 3/.I *21LJ1 

<>^>ji ; jiii Uii ^ j,.! j, 

IEC 62109 

vljliA^S JjiJt ftljfJ AajjJa 

IEC 621 16 


IEC 62124 

e^-SLujUl 

IEC 62145 

a As. -irsV £ jU 
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(^> 

IEC 

PU) 

* >11 ^ gUSyVt j- 

wjljLSj} — jkH 

DIN EN(IEC) 
61173(1996-10) 

1173 

(1992-08) 

urn <a-^i jiii u^jbu »ji»j _w j«j» 

EN (HD) 61 194 
(1996-07) 

1194 

(1992-12) 

> - 4_MajV' <u j > * >]l jjl jj 4 .>k'j 

E DIN IEC (CO) 
19(1989-10) 

1277 

(1995-02) 

ij*iSn J»ijl =3 «>J' .Sjijjdja *j*^.5fi 

AM" ipUJJ iU# £-. Vi> S— 4U A 

n»*j* 

DIN EN 60904-3 
(1995-04) 

904-3 

(1989-03) 

*JjJ S->> AJ ;5 .j*J *jnAll 

iLjU ja ij^^u (HCT) sliS *JH£J 

* J^Jl \j > 

DIN EN 60904-5 
(1996-07) 

904-5 

(1993-11) 

Ol.ilWio :6 < _>aJl t Sjjj^i5jiyi i 

DIN EN 60904-6 
(1996-02) 

904-6 

(1994-09) 

jiljSH f*. lU. V U» :7 •>» jin s j**.S|l 

Jfk*» 


904-7 

(1995-09) 

-jlilij! :8 c >J >51 ft j^S’ 1 

JW U ijLUl U^-^l 


904-8 

(1995-09) 

.Iji ^ukL. :9 ->11 .U^iiijili sj*^ 


904-9 

(1995-09) 

- 4^»jV‘ SjjU' ^ AM SlMiijiS 

DIN EN 61215 
(1996-10) 

1215 

(1993-04) 

* Ui ^ -J 5 ’ 131 ' ^ «'A 

4 Mj- 

EDIN IEC 1701 
(1996-10) 

1701 

(1995-03) 

^ia >1 s-iUl^ail J >J»V <4Jj^aai> jh'uft ^uLli 

EDIN IEC 1721 
(1996-10) 

1721 

(1995-03) 

ICE ^ ^Ulk^J» 


1886 
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J** 

jMI 

M 

IEC Ja** 

M 

Sa^-iJ Jji i~&l ^ 


1345 

- SaJtVl ili S^jjal J»il 

1646 

t ji» SiiUvJa «l*S 

i .-.j.v.-.ij.n i.U-.Si uu .-i'..U.-u. 


1730 

jffl <*Uli Ulii-'ji 


1798 

<£ yJatijtiH ) ^jA.rtili ^1 C- aLLaJI 


1849 


<£ >Jaji _>il' sl>Li jhwti t> _>aiSl J ASUail .-liAsrtJ 


1853 


DIN 40025 


i Aj_ zHjif 


,s ISO I4000ff jail > j V) .WjJ i Ji u * >V ISO 9000ff .u» jS J p JL 

.i* .TC 207 ^ *=1 J*- vW" *■ J&1 1 993 j*l. j jU ^ i » UJjJ 

JaJI .iis1jaaJ\ JJjUalii AaU 51 >")l liWv^ £_A*J H<lL^ £JmJ A^jS UaJ 

i*3 i ISO TC 207 aA*j ^ ajmuSIjj .(ISO ^ UL.) ^ j ‘-iicU-aSi yv*^ ^ 

.(20-1) jyaji iij v >11 jWJii 
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ISO 14000ff jLcJl ^Iji : (20-1) JjjbJl 


ISO 

Jucrja ijajs 

-*-jVr* 1 

ISO 14000- 14004 

SC 1 

<Uii 

ISO 1401 Off 

SC 2 


ISO 14020ff 

SC 3 

yAw 11 

ISO 1403 Iff 

SC 4 

^ .b5ll *jB 

ISO 14040ff 

SC 5 

Jlttjl S j jj J*Uj 


l j^luSl Ji* cLiJ ^ jil jU Jj 

ft. jJL tSujlLJl A in . «> I4J j <u-- 0 J|M tji ajjjJ <Jjj jl jSil U jjc- j ftik .cASj^l 

^ j ilaljjl j^SI jjiij l^ja ^jj ^j]1 j ^ a±Jl Jalij ^ 

•jjJ jjj*j <jxxa. Jj 3 ^ .ejLJl j AiLkl' CjtfiiS jlaj^ r tuIAj 

(Society for the Promotion of Life-Cycle Assessment "SPOLD" '%>Jl 
_A^' Jj. nit fi siiULJ ,* .> ■ *>! 4 juI£ si^jLj iijtn ^ w uJ Jjiaj Development) 
_i- ^1 L ,‘^J AjjtjJl >!.._ .'., j .1328 VDI jjjE 

.1997 f U. i. js> 
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360 


361 


362 


363 


364 


365 


366 


367 


368 


369 


370 


371 


372 


373 


374 
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(jfljjjuJl CujJI 


j_* : (Global Warming) ( _ r <JLp ^jl j3- 

OL*-Jl ^1 pj-=r jtj l - l 

JL-^S'I ^Ij Ls^j^a-i-j I JjijJl Jl^l?-I ^jI jj 

Jl 

j>|jL>=i^l j-* : (Nonenergetic Consumption) ^Ua ^,-p 

^■La-oJI ]aa\W t *>^Lo ) ijJ j»La- ilj-«-S' olkJl Cj'}LoL>- 

I ^ Z. i Lla p— \_£- c C. j 1 . T . . 1 1 ^ ^ X 1 *A_>cJu«-p>>J 1 

.Jl ^>Jl J^kJl 

>- I 4 J jIj-o l _ r * : (Semiconductors) cj*>L/s j^Jl oL-il 

. ^<iJl il ^oJ J iJjlxJl il ^p>Jl <U la^/j <Uj ^ 

I 4 J J-vai : (Global Radiation) jbU 5JL^?I jJI) 5_JLS' ijui > I 

ja USGl iuiVl o ^£5, .^jVL iJ^'^Jl LKJI v^Jl olkJl 

i- ^-tJl ooiVlj 5 j-iLJl v^Jl i*jSf| 

4-*_Jil iajJL^ ijjlj JuoSju £"j-Jl LS^i £"J->I -^"l 
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: (Direct/Diffuse Radiation) /S^Ji L-o L«_i1 

^y> ^1*7 jl Oj-5 (j j> ^^Ip I 5 j-iL-<Jl 

4_*_ iVlj . ( j/5j* 5U oLjj-SOi 4_k_AA>lj_) CaJLaLj (_gl 

j\ L ^-JaLaaJI L.~ . T .t.T 1 1 *L>CaaJ OJLaI ^ (o ^awLaoJI ^Ap) 4-) j^AAAAj^y ' 

.La jaP jl iiwa5h»aJI jl t k >L..,^!' 

oilpl <j JUa-L, : (Recombination) SjLpI 

.0 j>u^\j jj 

j»|jL5nJL>A.lj olpj 4 —LaP ^ : (Recycling) j->j-UJl SjIpI 

^ JJudJ dUij tJjPljjJl jl LpLv^I jl iJ^ 1 *'>- ‘OliLkJl 

(_jj ^jp <uL>a*JI ojjs 1 _ ? 1 p _yj oJLa ^uL 

^ 1 l_£j a! ^A>Jl ^»LaAj| ^lp LL> lil_>tX>j l A| <g - J < fl - A A,^J ) 

.oJb- ^jlp ojU J5 ^V 2 J SjIpJ 

(3 Lii I : (Cumulated Energy Expense) ioJTI jjL<Jl SiliaJl JjL&jl 

iSLLJl oUiJJj SjUI Jlp J*l£j iSlkJl alJL-1 j»UaJ i*SI jlJl «illa]l 

Jjlijj oilpjj i f-Lul ^ ijUa^Jl 

^ iilkU jUJNl <*S\ ^lJI iilkJl 

. L^J 1 ja)^J ^>“1 La.a) t O^LoJl (JjJ^aaa)^ L (JLojCLa)!^ t ^Lo) 

j iCa^wM I oLJSf (jjUxiJl jJk :(Eternit) C-J^l 

. Li) IllljJ 1 ^ ^jLaoJJ LaJIp ^Jaj-^Iaao o^Lo 

i,jLkj aJuLlLa-J : (Storage Battery) LjLk; 

4^-L>Jl jlp ^IjjLlIaaj^LI * LLlj ioL <ill? j-J L>jjl 

cJj j 

^7 L .a> 4 _aaa 5 L*jl«J I ^wwawa-q, Jl! I ix-jiVl j_a ; (Albedo) 
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J* \ ^ ^LJI ju=~, L^UJI Jt, O J* ^jSlI 

IO>- iw^waJl ^j-°j i *La jlgulL Ja^>s-<Jl ( j^2jL*ai>- 


.(jjU^Jl ^UJ*Vl ^La! jlf>- j-a : (Pyranometer) 

J^JbO <u -Ls^ajj : (Optimization) i)U- ^1)) 

<Lo-^oJl od-A^ . <Lulj^-^_^Jl <L5lJfiJJ 3^3 j-o-U 

t 4-^pLaO^/ 1 >0..^:>- ^j«a 4 -Aa.aJI 4_oJl Ij <Lw*<1j3 jib ^jS* LaJ-^AXj 
c ^LjjJl j i ]g ;; >g_oJl 6jlj^>- t ijj_v2_Jl oL^15\_so^Ij 

. lyg-j I AaIx>c-oJ1 CjU^SCoJI 

: (Life Cycle Analysis (LCA)) l\^J\ Ijjs J~-Uo 

t LsJw<>-P *Lj| ^3 j 4_aj>-*}UIj <lJL>J|j 4_AjLvJ| oL^Ij-UI 

^oJlj y? JUc-Jl jL-*^>Jl ^3 ^jjJlp*-! 

-ipl^aJl 0I4J ^UJlj JUcJl 

UJj-* L-oL^I transistor 4 _oJl5 : (Transistor) jj jJ 
jjJL^jJI^JIj .(J^aJI LajLLa "Transfer Resistor” ^^oJlS' 

J-La) 4 _L/? j-o o^La l j-a jjJ sLla oM_l! j^jlL^j ( j_p ojL-_p 

0_9 .<0-*Ja-a (l) Ji\ ^ ^-s-jl—a j_> cJl 

(P) \^->- 4JL%3j 0 j^_Lj ^j-a «SJLpUJ|» 

4»J»P^ ®<fcL*-pLJl ” ) l)Ijj^LJ| LaO> C (N) iwJL^Jl 

<*— iDL>s-a Lo-A ( ^o->s_o-)l ^ C 03 jLjJl oL>c_j1 

^ (Bell) I Jj» J^bca ^ 1948 io >Jl £^sM j .SJLpUU 

jr*iJ ^yrj (*y JJ ‘<>hLh jA\j CxfjsX I 

iw^S* ^g3 ^JJ>- Jj <0~>- iJj ^_ a! 03 jJl ^3 

.iajjojl 4^jJl>Jl j \ jjJl *Ji*ca 
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aJMJJl JuLJl iJLJaJl ( _ j _a : (eroposphere) j->j jJ 

JjLS oIjS iilyi) : (Doping) J^a> j^Jl ^-«JaJ 

^jlp SjLJ L.I dUSj (b JLJ-Jl JJl*) JLJl J-^j-Jl J) 
I Ji» i~~albJl ip^-a«>s-<Jl ^-sagbp iSL^lj) OjU _5 ^^JVl 
J~° ^JUl 4P Jl ^yi _ rs ohp iilygl) oJ>ti)l Jj. P J 

^IJJI ^JJl OA>o : (Self Discharge) LjUaJU ^IS 

JplaJl a>c-Jo i A>~ jpjifi o y ^ ijjUaJl b LaJJP- 

-LpLaj Jl Jl iJl ^ ybJl JpLij .cj J Jj: 0?. 

^yjlJJl ^jjjbJl J J-x-sj .C~Jj ^I^Jb/l yS jj 4j <-» J ^^LaAJlj jlp 

.£^JJl / y>uZS\ oljji iJ-P oiLjj 5 jl j>Jl ob»-ji ^lijjl itajj 

olij j-5 j-o S^__< oIjjJu jibbJ j.* : (Sulfation) oJLSbJ 

Jl ^2^ JjUJ c_^Jl aJiiJl Jp (PbS0 4 ) Jl 
^Jlll oljlj) 4 *,(? i >iJJ» CjIjLo £>jjsJI Jj«j ojlp Cj ^-S bJl bjJjsnj j 
o jjk kbjJj>cjj. j,<gA. >J I jJ-jj (oLaJaJl b j-Sbi) Jj J" i— (^JJJl 
J^°jl Jk 3 ^dj 3 3 JjUa.ll ^jjAJ j»Jo LaJLlP l yi il 4_Jo>_*Jl 
^ ^_stfl IS) jl tbLoLS' 1 4 - J IS) iip J-a 5JL» 

Jj» >L«JJ Jj|jl«Jl jJLlll ^gx-Xj ijjlp °JJ «/g ; l-i^gSg^-a C~Jj jlSbbJl 
^jp Ulp dJ ^*^Jl ^a>T ■.,<?) J Jj Jjljl ^>tbJl 4-J-O-P 

ir° J- 6 ’! -M-^r aip jLjo) U->- a-jajl jpx-bJl JjJ» 

Jjjlki LbU- ^ Ui- Jib 2.5 Y J) 2.4 jcp- SjIp libJl 

Jjj-^-wa lb — &>j . («cj J Is * 1 1 ^J-p bba-JLpI) 8 A j_J) 0.5 J-Lp 

• Jl ja-VI Jajo> J LgxjjJj oJSJJl 

iiUaJl J -iy>^> i_Ju>_p j_a : (Photosynthesis) j~j> J_Jl<^J 
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oLJl ^ ^ 4-olaJl olkJl jl t 4-jj-^aJl 

^ y*p J-JuUi L/2 -jI iSLuasj ^L-s-jS oils 

ti JjjA I J-i^Jl j OUJ Jyh Jl J^l ^ f l*Jl 


jl y? 1 ' .4-1 jj>e-oJ| 4-o j -,fg ] I iJUaJl ^ld->U— *»! 4 jL^1s 

j»JlJ 4_jjJo>o» 4—jL-«_-S 4-ilia (_5 ^[ 4--j j yj 11 4-iliaJl <Jj-stj oLjJlJ 
t kiDS ^ ( _ r _SCj«Jl ^^Lpj .jj—auJI ^ J.*.; Lo l^-al jjioXoil 


^ jJl SUl Oyi^i “Us olkJl Jax-o (_£ ^-iSlJl ^ j-yiJ I J-JUjJl 
.^La-S 4iliaS 4j^4>o«Jl iiliaJl 


o ^lo2J-Jl JL^I jjt : (Short-Circuit Current) j-./a-lil ojta jLj 
i-«-«_JL!l 4—L><Jl ^3 jluJl IJlSs UaJb-cJJ .4-— —o-JlJl 4— L>JJ Ijl>- 4»l^Jl 
.5 j ^ oju Jl ojl-Ul oli os-lyioJl 


iJL*JU> JujjJiiJl iilijJ ^Ml jj> :(Tedlar) jJ-LJ 

(PVF). J^l 

^1 ojLJI olU ,v-> IL-U-Jl jjb : (Specific Gravity) ^ jj JJLj 

4jjLxoJ| ojj jiaJl -Up JJilJl ojl—a- j*-L>j .4_o<^ 4illSGl 

j-o 4sllSlS i _J.ip 4 I 0 4illS j»IUSxU>iL 

iioxj Jl^-a- j.* : (Charge Controller) jlg^a- 

j^SLsuJl jl^j- vl— oa- OjUajj j-UL-_«Jl jLuJl ^j-o 

oLjUaj ^xj 4^lo-P -ia--j ^>cUJ1j 

^ J^aJl i-oL/’j ^jSUj : (Open-Circuit) *>■ jiLJl S ^IljJl J^>- 

.(4^-^oLa 0 ^jI^) jlu Cj~* oo^lxJl 

o-LLp j j . Sis (j JJl JL^osJl j_a : (Float Voltage) j_<>JL!I -Lg-p- 

ililx-oJ ^ilS jLo -Uj^J JiSi jUo LoJUp jl 4jjlla-Jl 


381 


14.5 Y Jl 14.2 V Jt\^ SiU jl^I IJlaj .LjLk-JJ ^IJJI 

12 Y. hj IkJJ 

l.i.h ] I LLoCCoNl j! (Spectral Sensitivity) 4_oLJa 4_o.l — >■ 
j y jJJl 4ili5 L^JL iJj-JJ (Spectral Response) 

. ( <up I ) J 23 LJI S-i-i ^1 p 

( _ s _ v aJI 4_o J_v 2 -JL;j : (Output Tolerance) <u 0 ^_>- 

4-o ^ - jj-iJl Co los^JaJ-oJl ^_>CCoa Co_j . 4— o~o»*y I SjJliJl J_£- o-3 1 ^0>ol 
. 10% jt 3.5% _, dUi Jl 

(i^jli) 4-obo 4-l-o3^ jp ojLp i (Solar Cell) 4, ^ -.- o -d 4.«-L>- 
(J-Lkjjj .j-dl j-SUj tjj-SL-L-Jl jo. oil_p t4_Lo5joj 4^_d 

loo.-." LoJU-P 4™oodJl 4_Ju>Jl ^3 4_Jl— vJlj 4_Of- j_«Jl 4do>tdJl Co%°b>- 
SykUiJl) ijJjxJ 1 J 

.pLo jLj JbJL 

^1 oJcjc-os 4_Jj>- ^ ojijJl 4 _Jl>- : (Fuel Cell) jjij 4_JL>- 

L^oJJd pcd LaJ-LP 4 _oI_j J-$S 4_iU^ ^tJUoJ ^ I 

jo. j~rj>u$Jl iyj 4oiA; jCoj -(j~?«— s'jS/lj j-^jjd^JI) 

t ( lg . ^ O. !l) ijoLSsJI <J*>Lp- Jo. J_o>io-^5j > yij 4-Jo>Jl (j_*_o2o>) 3jol 

J^- 5 l 5* Jcr^ a* 5 J^J ‘^J ^d-dJ 

.UkJl 

.4l>Co> 4 j 00 U : (Humus) Jlo 

j-ojJl j_a : (Energy Pay-Back Time) 4_sUa_)l ob jC—l j-aj 

.SjJLiJl jl^ *LJ ^^JlLJI iSlkJl j-o g&y ^yj\ 
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y b*>UJJ iilkJl iby-l yj cjlljl Jlp 

. ^x>Jl ^1 _p ^L-l ^Sv^Xo wLo-ixj c 5 — 1 ^Jl ^>- 

j_a : (Energy Amortization Time) SiUaJl g : j-oj 

.SwLIjJLoJI iSUaJl <Lw *«Sj ^bo >AJ iSUaJl ^U-o-S" ^j-sj <LS^b*Jl 

^iJl y>J-!l ^1 _^-Lj iiUaJl yb y>J c y-T y-*-yj 

4j 4 JU 2 J! .}l~La L> IwLo ^^J>- L *La jJaJwoJl *^hiLa C 

4-y j_* : (N-type Semiconductor) k_JL»--£jJ J_*s yjl <Lj-i 

y i~~»L>Jl ip j_«_^JI y ^U-jjJaj (_p! (jjJl J_s<=> yjl 

y jiS'l <ui 5 yJl oUj y5C!^l jAp y ^ySla ^J. (_Sjj-b!l Jj-b>Jl 

• Ol yb Jl iJLp 

yJ. y : (P-type Semiconductor) u> y-£jJ J_^> yJl yi 

cJ^dj>cJl ip^-^J>c-oJl ya L_*j|yXu aL^-^xiaj (^AJl cJ^ 5 

.5 yJl oUj y£)^ll y ji?! y olybJl iJs- y < _ r ^5la ^1 yjjjJi 

J5Llj 5 y y«J I olkJl y : (Renewable Energy) Si.byo islia 

ob l ^ ~ 4 LSJ j i. 4_l_y_s ijjjlj i_i-JLSo t Lo yC ijJL >tj j^P 

,<jl^»dl y> jy- ^yL«Jb»-l <J l^Jj 1 (_jil J j-» 

(Antireflective Layer yLSL*J^U ii\ ./a a (4.1b il) 4_a_i? 

jji yil 4 JUJI ^cJa-x ( _ 5 JlpI y iJik* iiis y : (Coating)) 

o! y bbd^l jji aJa^LJl i*^iVl y 

yl y yly-l y : (Greenhouse Effect) 3 y U? 

OLx-JNlj jj—Sob-oJl t- j_yi ysLyaAs! y> 
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^wO-^vJ <lLsi jJl oljLp <1 tdU^j (. ^Aa *m ^y> f-l j-oj>cJ| Oj>tJ 

C^J i*-sSll jUi^l ^ ^jSfl Jl J >Jl!L ^ 

.ijU l^plx^ij f-l 

jJ ji Jl jJ.LJl jLill Jj : (Inverter) j^Ip 

^JJL (^— 2 $ _jLo d->La Aa^\jj 

^jLwoJ! ^jL>- ^1 oL^UJl c^^->S' jj 

L^jf-LiS^j 3^1 j^- aJ yj L^-j1 <L.«-^>- ^ .iSUaJl ^ljL»j_ I^LoJlpI 

^y*JiAj IJJ t ixjij jA Ja^>s^Jl Ja-^jJl ojl ^*- ^>~j2 <1) ^Si> Lj-Up 

<LwL oS'J .^X^-IJ i^oL>- ^Lp ^1 S^jL> c_3 j& ^3 1^5 

L. jJo^Jl £>- /s*U5 ^JLp ^5 jAz <d ^^aJl ^LJI 

.<LS y&A j^Jl 

SjJl 3JI ^1 j^iJl SjJiaJl j-a : (Fill Factor) JXyu J^Lp 

.jiji 


c^jJl c5 Jl j-* ‘ (Depth of Discharge) J^p 

^_i_ijL>^>3 ^_9 .LjL^J (1)1 4->jl ]q A \\ ^lj_>cJLw4 4_*_3 

^>u All Sll iSUS3l S^Ip toLjlkJl 

0 J-A ^9 <U*y ^^gLs-g jJI ^2-oJ>“ AjjUaj ^9 <* J*j>zj 

tijjLkJJ j^!l ^Jl ^ US gj£}\ J^P ^S US' coUjlkJl 

^ g -^P o^Ijj cLLju ■ <> ■ > cJ ^j^ajluUl ^-*S 

■C-J-^ 1 


^ j*[J> d)L5 Lo ^ J^g jUl <U ^ o y>JA\ : (Hole) 0 
iSUfiJl ^x_Aj j-oJl *>■ A »/2 > Olji yh x « ! I 

,4*>-y0 ioc-Ji J^O->OJ C (Doping) j\ AjjI J>A\ 
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<0 j t*j+al\ ax> o'jZc . j jJwj y> : (Photon) jjJy 

^LLa^/l o*L~oa o ydl . 0 . 5 . 5 ji ^L ~Oa^*-> lo^>“ ® <ill? 

<bl) jLoJJ l ‘U^JsllJ t»J j^SvJl iiUaJJ JJl) AjI L5 ^^.LsLLij j^S\Jl 
. g-j «,<j 1 1 as yj '^Ajji}\ <diSCll 

ojJlaJI yo aLy_SL JlJ y ■ (Photovoltaic) 4_S ji 

(Rule Growing SjLjJJ jUa^-l yo : RGT (RGT-Rule) eJiplS 
5 j\ yJl JL-jj o-sLjj Op ioJlpUJI oju^J Liijj based on Tests). 

Ajy>z}\ LjLa-^Jl t^bL-Ldl AS yi AjLLLo ^Jj 10 K. jljJL-) 

.(oUjibU 60°C J\jp~) 5jl j>J\ isrjjJ JsS\ Jb>Jl Jl 
a jjLiJl cJJ*J : (Maximum Power) ./» 3 a ■ tl . ^ g < * jjJ 

s-y*Jl y JLpVI gJbJl ipl cP max LL^Jl 

. JLLOJI rtiaJij Xs I j V yi 

ojJLa!I yo : L~~<>LJl LL-JJ (Optimum Power) JLJI a jJJLlI 
a y\i jL i_J yi y>j i (Lead) i_i PaJl yi ySL-> (_jl 

. AS- yLaJl 0 J\xi\ X^>-J yA3Jl]\ 

Asyi La La I cJl5Ll yJl SjLJI yo : (Biomass) IhS - 

L j L »J I jlj^Jl yo-sLLj t (Photosynthesis) y j-L-'l JLLjlII 
pJby>o jl o jLLo l^jl y-j ySLj yJl t LI oLLLoj ollL 

•■JP 

L U ijj ./g Jl jL^«Jl J jis j_a :(Air Mass) S-Jlya 5JL5 - 
i_£ y*Jl LbLJl JbL>- (bL» jj-^oLLJL) ^jLj y> yLa-ll 

.^jSU 
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: (Photovoltaic Conversion Efficiency) J y Se-LaS - 

^1-P 4~pL*~iVl 5jJiiJl 4 J| <c>- Jl ^ ^ ^ll SjJiiJl ^j-o 4__jJl 

■ 4~pUd)ll J^- oc-LaSvJ I ojjk (. J_«_iJl Jj>Jl 

iiUaJl ^ : (Spectral Efficiency) 4__*_dl SJUJlJ JLIp lt\J& 

LAS tL^LAj JtiUJl Jl J_JL i^jLJl JJJAI 

■ VrjJl Jl>\fl cii 


L~_«_LJl Jj-Jl ojJlS ^y : (Quantum Efficiency) L^S - Se-LiS 

-jj^dAl £-jj Jl J*» yr y ■Jai'— Jl jjj)l J_p^ J-f- 

■ s 


o i_A a_LS-^— __>' : (Sankey Diagrams) t 

.^Ldl 3 ^~*>Ldl SillaJl yj ^_odJ c 


jl os-lASAII tj jJL^o : (Efficiency Level) ««-liSAl ^y — « 

J jjl ikSLJl L~_«_iJl iiUaJl ZyS Jlp Jjj L~J ^ J_>_p-cdl 
. j»l 4>JL? SSlJs J| LgJbj>J 


Jjbu : (Temperature Coefficient) 2 j! jj>Jl o- ji JLta 

L JAlLI ® (_^a-4j>tjl ^A)l <j^LoJl <L__dl (Jij ojl ^j>Jl 

Ja_*Jj .<J_>J| 5 jl jj?- <j>-j. 1 ^Lijjl (^Lj^SsJl iji j-«Jl J) 

toJjUl ojl ^>*Jl oL-ji i_ij Ji JLLf' J e-l.il ^yzi\ L_«_iJl J jJVl 

.^-lai i„ii ^ ^jai jaij cuuji fi^Jij 

jji : (In-Hole Saw) ^ Jjl«-<JI i_.~i.idl jLSjlo 

.4. _Aj C_S Jl { y is it oJL?-lj islij il) jSLLJl i_Jl J Jad 

50% ojji JaaJl ( J JLai J| (_$ij OjjJLX_«Jl i_JSil!l j~ALo >_Jlc-Ij 
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j\ 3jiU~1 iili j}\ O-ilil i\ j-s-) 0.45 mm iili ^JJ Ji! Joe- 

.(ojjJlJl o.SJl>Oi 

1 _ 5 >LL>. jLLu> yt : (Slurry-Wire Saw) Js^LJl _ dJJ !l jlio 

OjjJlJl oi-JbCLa j I <L.sL>-l olilij 5 jjjJlJ| l)j5\JoJ| i-_J I ji> ^aa\ 
■iLiuol IJLaj ol J jLjj (0.2 mm) 

^JaJ ji«j t kiJJi oj^Ap .iiUaJl <LL *a>t-aj jj^CJoJl 

i_£jj_LJI k_JUJl — o-ij oj jJl ^ olilijJl jj-a olo oJ-P 

oJLa ^ .olilij ,_yJl (1.6 m <J jJ» ^JLJl) ‘Ju.S'L 

200 km 3 jJL>^ <J jJaj 0.18 mm <oS'L>— a dJUL— JL» ^o, iojlLiJI 
dlL-Jl j j>Cj Loj Ji ‘“jL?' 5 oUl jla.A'I ^jjl <da»>il^j 

^Ja-aJl au_L«_p (_j 5 m/s. i iiJl 

^Jajtll Coj Ojj JjJlxx 12 in j j^(Jo 

.ojl JJiJ Lvajlj o jSLLJl -Uj^ 5(J JxLsxS 

iikuJl oJla UUJ : (Space-Charge Region) u^dJl j^>- iakua 

jj-j (alio jJl) JwsLill -b-Jl JJsP ob>dJl yS y ^ !_i*>lX5-l*5Ul 4>Oj 

<uiaujl oUj^xS(JNl j-iuus i(j» £jj) J ((J-" £jj) jjUikuJI 

<jf l i/ _ £jj ^ikujl ^1 olj^tdJl j j»- 

.(ku>dJl “UiJaJji j-«-i) ULLx iliLoa CxjIS’ <cLs^jJI 

jldjo'yi ^j-a kOlJLlj A ^JL) ()l 4_iLiaJ-<jJl 0 jjS ) 

aOdJl 0*5Lal>J 

J-sas j-«Jl <u_Ji ojj-L ^ iiia-La : (N-Region) ^-5JLiaO> 

.oUj 1^-3 <U>oJl O’italj Sj ^S\ (1)j5sj 

OjJLS'I O j-S(j ojjJlJI ^ iiJaJ-x i _ s _a :(P-Region) ^>-4_LlaJ_a 

.ol ^> cji]| 1^-3 o>oJl 0*AiU 
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£jlll j!) : (Solar Module) a. — »_i 

^jS L>_) t l^_sa2-*-> ^a <U- ~«-JL!l L*>L>Jl y ya j j £. ij (^^o-sXjl 
.^dj . . . ^UyJl ^1 jJlj t jlk^/l (J~° 4jjJ j-sadl oU ^5dj| kiJJi 

oLa ( ^^>- <u Jwaijj : (Solar Generator) ^ «Ji> jJ y> 

.^y jy gd yt)l j»UalL! Aa Jj>cX~~aJl aU-^a-jd ' 

Juaai : (Injected Photovoltaic System) j ji^ta y yaad ji |>Uaj 

j»liajJl y!L>- oiLp j*-Xjj .<Lwaj_»_*Jl <LSdyJl ^9 Oj-«->c_«Jl j»LIajJl Aj 

1^-5 ^y-!l (jlj-LJl ^3 A,waya-*Jl aL) ^ ^ « ^ydl! 

y^icdl 0j^>-l j»l Jj><lXa<iI (1)*^ t 0 jiyLa jl A£j3j A™~«-Ajl Aa-JaVl 

A-SdyJl (. I J-^Jj j»UajJl iwi-JLSCj ya Jj y 

ol jJLS iiUaJl yjy><J 1^-9 yLj jl OJ->c_«_S^ <ty>y«_*Jl 

SjjLiJl jlJjJ ^1 jliiiVl ol yLi J*>U- UU4, JiiljJt 

■ Au ytll 

(Autonomous Photovoltaic aGl JL» JJL~ a ^_S j .,2 : i yj ^UaJ 

ASd_>i Jl y (JaJ yJl ^_p) o j-i><^Jl _^-p j»UkJl aj Juaaij : System) 

yj— ! ' y» oil_P Aj|d_j AJL»*^aJl ^LkjJl l-i_A Oy^-y_J . A_-s_^)y a— *-Jl 
<Uj*>La olilj Ajjlkj l _ f Lp i_£y>aJ j Lg3pj t yyaillj-iJl 

ckp^ y^J 

J yUioJl 33 _yjl jLxJl yj>al!l jl^>-j QyUl 

^ : (Maximum Power Point (MPP)) ^j.^cW S j-LaJl 4 la 2 i 

i^yaalJl aLaJIj tl m p ijLxd ikiJl yu yyAJl J-asU- 

V mp . 

aL-i o3La y> ydslij y> » aJLij : (P-N Junction) y* - ^ ~^-~0 j 

oy»Jl oUj y5G^L aUliJl ^ — ^jjJl ya yi iilijJl ,<LLsa9j^ 


388 


L^Jj IS jJl J Is* . iJllll iSU jJlj 

.ijjljJl <J y^~ ^o-w*u Lo-^o iljLp A^la^o 

.. . L^UJl j t ota^ljJl ipli^ ^ j2*s>- 4_Lv?jJI 

•C 1 ! 

cJ^5o ^}\ iillaJl j^Lv 2 -^ ^ : (Fossil Fuels) a^Sj 

C<Lw>sJ| oLLjLSsJ! j_>jJ>sJ jl t <J j_>tJ J C (J^\_>s_>lj C O j-a t J_) jJs> ^j_P 
( j^j'^La o-Lp ( J-3 C-o-L>“ ^^lll ^J^ajl 4 ^Lo»^ 

Oj^c- 0 iSj"^ *■— -wwm-J L^_>L> ‘lWLwm-o ^ 1 jLjLpI 

l)U td)L*jVl jJaJ <^j>- j u^J 4-*-J^>!)U j\ <L^*w*»JL!I iSUaJJ 

^ j.^. i..oJ li t oijJ^ L^_jIj Ws"H 

Jj J 2a t l)I <wOwaJl 
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uLlu 


Global Warming 

JjS j\j^\ 

Elevation 

^LLjl 

Signal 

ojLil 

Control Signals 


Radiation 


Solar irradiance 


Electrical Terminals 

i — si jA 

Recycling 

jjjJj S-sIpI 

Dumping 

JLAI t JI>l 

Optimization 

uioSn 

C0 2 - Emissions 

C0 2 djUbcjl 

Optical Reflection 


Anode 


Greenhouse Effect 


Meterological Effect 

^uii Jb 

Anthropogenic Effect 
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Photovoltaic Effect 

J l" 

Corrosion 


Heat Exchange 

j>- Jild 

Chain Analysis 

JJj£ 

Energy Conversion 

auji jijd 

Fluctuation 


Mounting 


Troposphere 


Lamination 


Pulse width Modulation 

jf- i 

Gassing 

jljJI jl jA 1 t jijAA 

Air Pollution 


Photosynthesis 

Jy* 

Doping 


Electromagnetic Compatibility 

Jiljj 

Current 

jlJ 

Avalanche Current 


Yield 

e-LiaP (. 

Steady State 


Spectral Sensitivity 

d ■ 0 ■ \o 1 1 | 

Convection 

(5jl >1 Jl&l JSL -J Jb4) 

Amorphous Solar Cells 

Ajj jJb ^ 

Solar Cell 


Integrated Control Circuits 

4_LalS03 

Heat Flow Input 

c5jl >1 jt 

Ambient Temperature 

Ja^>sil cjl 
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Peak operating Temperature 

JJiAJl ojji 

Wafer 

ylj lialij 

Incidence 

jJL» 

Solar Grade Silicon 


Metallurgical Grade Silicon 


Multi-Crystalline Silicon 

oj ^LJl ^ o 

Azimuth 

C~Jl 

Zenith 


Standard Test Conditions (STC) 


Diode 

i ^Sbj 

Bypass Diodes 

J 

Renewable Energies 

ioJUjCCo olills 

Energy 

Si U» 

Boundary layers 

Si'Ls oUJs 

Coating 


Wave length 

JjiaJl 

Inverter 


External Commutated Inverter 

A>-J» 

Insulation 


Turbidity Factors 


Proton Exchange Membrane 


Atmosphere 


Anti - Reflective 


Over Voltage 

Isiji Jsy 

Thermal Loss 

^j\ Xai 

Photovoltaics 

i 
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Nominal Voltage 

wl LxJ ji 

Commutation Voltage 

4- z-y 

Voltage 


Energy Flux 

iilkJl 

Power 

SjJi 

Hydropower 

oLLl ojji 

Cathode 

AjJlS 1 

UV - Resistant Cable 

ijji Ajoibd J-5 

Photon’s Density 

oil jj jjtll isliJ 

Conversion Efficiency 

u\iS 

Quantum Efficiency 

(^)1 iax 

Cumulated Energy Expense (CEE) 

<dLoj>cil 43 LLaJl 

Illuminousity 

LiJb t SLpU. 

Slab 

i ^jJ 

Deposits 


Solar Power Electrolyzer iiUall 

JUU 

DC - DC Converter 

DC Jl DC J jiz 

DC-AC Converters 

AC Jl DC oN 

Transformer 


Low Pass Filter 

* i_sM 

Conventional Sources of Energy 

JSUaJl 

Refractive Index 


Temperature Coefficient 

J-Ut 

Impedance 

iijbw 

Resistor 

j» jLa* 

Reflected Component 
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Energy Balance 

Optical Transmittance 

Maximum Power Point (MPP) 

Polarization Pattern 

Prototype 

Solar Facades 

Module 


SUaJl Zj\ r 

j~a> 

jygiill OjJuLll ikij 


Jjl £j>yZ 
Jjj-S y> i o 
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uLlu 


Air Pollution 
Ambient Temperature 
Amorphous Solar Cells 
Anode 

Anthropogenic Effect 
Anti - Reflective 
Atmosphere 
Avalanche Current 
Azimuth 
Boundary layers 
Bypass Diodes 
Cathode 
Chain Analysis 
C0 2 - Emissions 
Coating 

Commutation Voltage 


Ja^^l ojl j>- 

V LbU- 

oltLUl jh 

1 i— sbU«Jl 

aA-b» olaJs 

Jjyt |»lwj 

C0 2 oljbtol 

(^) <> 
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Control Signals 
Convection 

Conventional Sources of Energy 
Conversion Efficiency 
Corrosion 

Cumulated Energy Expense (CEE) 
Current 

DC - DC Converter 

DC-AC Converters 

Deposits 

Diode 

Doping 

Dumping 

Electrical Terminals 
Electromagnetic Compatibility 
Elevation 
Energy 

Energy Balance 
Energy Conversion 
Energy Flux 

External Commutated Inverter 

Fluctuation 

Gassing 

Global Warming 
Greenhouse Effect 
Heat Exchange 


(ojl JLBI JjL. j Jb4) Ji- 
AjjJliJl aSUaJl 

I S* US' 
^ cJSl" 
Gu^J.1 iilkJl iilS 


jlJ 

DC Jl DC J j£- 
AC Jl DC oN 

tjl>l 
^ ol>l 



Si U» 

iSLLJl JJjlj* 
SilkJl 

iiUaJl (jAd 

cjJuJd 
jliJl jly>l Ijjjiu 


SlijJl 

,jjl j>- JjL: 
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Heat Flow Input 

Hydropower 
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Impedance 

Incidence 

Insulation 

Integrated Control Circuits 

Inverter 

Lamination 

Low Pass Filter 

Maximum Power Point (MPP) 

Metallurgical Grade Silicon 

Meterological Effect 

Module 

Mounting 

Multi-Crystalline Silicon 
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Optical Reflection 
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Optimization 
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cO I >1 jt 

oLLl ojji 
S-illl t SIpU, 

iLoLScca oljii 

(J j.gi 11 ojJuJl 

£idi jjjb 

J>1 t O-A^J 
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Aj j^2j AjiUi 

iis-Sli 

LxJ ji Jsy 

Ojl OJ 
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Polarization Pattern 

i—j Uaiu»l 

Power 

5 jJi 

Proton Exchange Membrane 

Jatdl ^ 

Prototype 

Jjl 

Pulse width Modulation 


Quantum Efficiency 


Radiation 


Recycling 

Jjjju o-ilfd 

Reflected Component 


Refractive Index 


Renewable Energies 

o.iJj>CCo oliUs 

Resistor 

(*J^ 

Signal 

o ijLSJ 

Slab 

iisbVj i 

Solar Cell 

•L5 jv 5 aJl>- 

Solar Facades 

ol^lj 

Solar Grade Silicon 


Solar irradiance 


Solar Power Electrolyzer ■ 

iSUJl SjJtil 1 JJL>*11 

Spectral Sensitivity 

A - O - \o 1 1 | 

Standard Test Conditions (STC) 

Aj^LaJI J 0J jSt 

Steady State 

o 

Temperature Coefficient 

j-wi 

Thermal Loss 

d>j Lf* - 

Transformer 


Troposphere 
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Turbidity Factors 
UV - Resistant Cable 
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Yield 
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